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' STUDIES IN THE EPIDEMIOLOGY OF Q FEVER 
* 1. THE ISOLATION OF SIX STRAINS OF RICKETTSIA BURNETI FROM 
THE TICK HAEMAPHYSALIS HUMEROSA. 
by 
D. J. W. SMITH anv E. H. DERRICK 


(From the Queensland Department of Health and Home Affairs, Brisbane). 
(Submitted for publication 24th December, 1939.) 


The bandicoot Jsoodon torosus Ramsay, has been shown experimentally to be 
susceptible to Q fever, and its participation in the natural cycle of transmission has 
been demonstrated (Derrick, Smith, Brown and Freeman, 1939). One of the 
common ectoparasites of the bandicoot, a tick Haemaphysalis humerosa Warbur- 
ton and Nuttall (Figs. 1 and 2). has now been found to be a natural vector of the 
disease. 





Fig. 1. Haemaphysalis humerosa, male, Fig. 2. 
x 16. A unique feature of H. humerosa is the 
long narrow body, the dorsal of which, in the 
male, is completely covered by the scutum. 


Haemaphysalis humerosa, unfed 
female, X 16. The body is elongated, but 
slightly broader than that of the male. Only 
the anterior portion is covered by the scutum. 
The photograph has been retouched to render 
more evident the posterior margin of the 
scutum, 
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The search for an arthropod vector of Q fever was begun in July, 1937. Eeto- 


parasites collected from a large number and variety of native and domestic animals 
found within the endemie area were examined for the presence of Rickettsia bur- 
neti. On six occasions infected parasites were detected; in each instance being 
ticks collected from bandieoots captured at Moreton Island. No other parasites 
in the large series examined were found to be infected. 


TECHNIQUE. 

The inoculation of the ground-up tissues of the parasites into guinea-pigs was the principal 
method adopted to detect the presence of rickettsiae. In certain cases stained smears or sections 
were prepared and examined as an alternative to, or in conjunction with, animal inoculation tests. 

A representative number of specimens of each species found upon an animal was ground up 
in a mortar with a little nutrient broth and inoculated intraperitoneally into separate guinea-pigs. 
The parasites were commonly stupefied and sterilized externally before grinding, by momentarily 
immersing them in ether. 

A daily record was made of the temperatures of the experimental guinea-pigs. When no 
febrile reaction occurred within ten to fourteen days, the animal was killed and an emulsion of 
its liver and spleen was injected into a second guinea-pig. If the latter animal gave no tempera- 
ture reaction within fourteen days, it was then in many cases inoculated with an infective dose of 
Q virus in order to test for any acquired immunity. 


The Isolation of Rickettsia burneti from Ticks. 


The inoculation of H. humerosa ticks into guinea-pigs was begun in November, 
1937, and continued until the end of March, 1939. Of the six strains of R. burnett 
obtained, two were isolated in September. 1938, and four in March, 1939. All six 
tick-strains were obtained from ticks from Moreton Island, of which approximately 
four hundred and fifty were examined (Table 1). No infected specimens were 
detected in a smaller series of sixty-three ticks collected from bandicoots on the 
mainland (Table 2). 

Most of the ticks examined were males. Four strains were isolated from male 
ticks, one strain from nymphal ticks, and one strain from an inoculum containing 
both male and female ticks. The primary inoculum in three instances produced a 
febrile reaction in the experimental guinea-pig. In three cases infection became 
apparent only after passage into a second animal. The specific nature of the 
infection in each case was proved by animal passage and immunity tests, and the 
demonstration of typical rickettsiae in the tissues of infected mice. No evidence 
of the presence of any other infective agent in the ticks was exhibited by any of 
the experimental animals. 


First Tick Strain. 
Five nymphal ticks collected from bandicoot 72 on September 5, 1938, were 
injected at Moreton Island into guinea-pig A613. The animal was killed after 


ten days during which it failed to react with fever. No abnormality was noted at 
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EPIDEMIOLOGY OF Q FEVER 3 


autopsy. A mixed emulsion of the liver and spleen was inoculated into guinea-pig 
A676, which became febrile following an incubation period of eleven days. It was 
killed and examined on the second day of fever. The spleen was characteristically 
enlarged and congested. A mixed emulsion of the liver and spleen was inoculated 


TABLE 1. 


The Examination of Haemaphysalis humerosa for Rickettsia burneti. 
Ticks from Moreton Island. 


Bandicoots Ticks 
Infested Inoculated Guinea-pigs 
Bandicoots with into Inoculated 
Month. Examined. H. humerosa, Guinea-pigs. Primarily. Remarks. 
Nov., 1937 4 2 14 1 
Mar., 1938 3 _- — — 
Aug., 1938 1 1 6 1 
Sept., 1938 8 6 82 6 Two strains of 
R. burnett isolated. 
Oct., 1938 2 2 1 2 
Nov., 1938 3 36 3 
Dec., 1938 6 6 58 6 
Feb., 1939 7 3 12 2 
Mar., 1939 21 19 180 18 Four strains of 
R. burneti isolated. 
April, 1939 14 4 _ _ 
June, 1939 12 5 — _ 
July, 1939 11 5 — _ 
Aug., 1939 18 17 _- — 
Totals 110 72 439 39 Six strains of 


R. burnetii isolated. 


TABLE 2. 
The Examination of Uaemaphysalis humerosa for Rickettsia burneti. 


Ticks from the Mainland. 


Bandicoots Ticks 
Infested Inoculated Guinea-pigs 
Bandicoots with into Inoculated 
Month. Examined. H. humerosa. Guinea-pigs. Primarily. Remarks. 
July, 1937 1 — — -_— 
Oct., 1937 3 — — — 
Jan., 1938 5 2 4 1 
Feb., 1938 4 1 10 1 
Mar., 1938 4 1 1 1 
April, 1938 6 3 7 2 
May, 1938 13 5 6 1 
June, 1938 6 1 _ —_— 
July, 1938 7 2 7 1 
Aug., 1938 10 3 1 1 
Sept., 1938 4 1 — -- 
Oct., 1938 2 2 8 2 
Nov., 1938 7 5 18 2 
Dee., 1938 7 1 1 1 
Totals 79 27 63 13 No strain of 


R. burneti isolated. 
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into two Q-immune guinea-pigs J343 and B447, and into two test animals A711 
and A712. Four mice M130—M133 were also inoculated. 

The immune guinea-pigs J343 and B447 failed to react with fever. The test 
animals A711 and A712 both became febrile after four and three days’ incubation 
respectively. Guinea-pig A712 proved to be immune when inoculated with the J 
strain six weeks after its experimental inoculation. Guinea-pig A711 was killed on 
the third day of fever and passaged into a further series of two immune and two 
non-immune animals. This procedure was repeated until five series of proved 
infections had been completed. 

The febrile guinea-pigs that were killed, that is A711, A724 and A734, all 
showed at autopsy enlargement of the spleen but no other abnormality. 

The four mice M130—M133 were killed after an interval of one week. Nume- 
rous rickettsiae were seen in smears of their livers and spleens stained by Cas- 
taneda’s method. An emulsion of the livers and spleens of three of the infected 
mice M131—M133 was inoculated into four additional mice M134—M137 in which 
rickettsiae were later demonstrated. 

The virus was transferred from mice back to guinea-pigs. Liver-spleen emul- 
sion of mice M131—M133 was inoculated into an immune guinea-pig J341 and into 
a test animal A722. The former failed to react with fever. The latter became 
febrile after an incubation period of one day and proved to be immune when tested 
at a later date. 

Charts of the first three guinea-pig passages are shown in Fig. 3. The full 
series of passages is indicated in Table 3. 


TABLE 3. 


Isolation of First Tick Strain. 





Tick Virus Passages. Immunity 
1 2 3 4 5 6 Test. 
A712+ A712 immune 
A613—— A676+—> A7l11+ — , A723+ A723 immune 
+B447— ' A724+ —> A735+ A735 immune 
tJ 343— +B452— A734+— ;, A752 A752 immune 
| tJ 398— 1 tJ 377— |) A753+ A753 immune 
| +3 378— tJ 409— 
( +3 410— 
M130* , M134* 
M131* | M135* 
M132*> = : M136* 
\ M133* 4 M137* 
| A722+ A722 immune 
| td 341— 


+ Febrile reaction. 

— No febrile reaction. 
* Rickettsiae seen in stained smears of liver and spleen. 
+t Immune guinea-pigs. 

The M numbers represent mice, the others guinea-pigs. 
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Second Tick Strain. 


An emulsion of six female and three male ticks collected from bandicoot 79 
on September 30, 1938, was inoculated into guinea-pig A719. <A slightly increased 
temperature on the sixth and seventh days after inoculation may possibly have 
been due to an abscess in the abdominal wall at the site of inoculation. The animal! 
was killed and examined on the tenth day. The spleen was definitely enlarged. 
No other abnormalities were noted. A liver-spleen emulsion was inoculated into 
two immune guinea-pigs J367 and J371 which failed to react with fever, and two 
non-immune animals A732 and A733 both of which became febrile. 
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Fig. 3. Charts of some of the guinea-pigs used in the isolation of the first two tick strains of 
k. burneti. 
* = Immune controls. 
CON = Non-immune controls. 


Four mice M138—M141 were inoculated with liver-spleen emulsion of the in- 
fected guinea-pig A719. When killed and examined eight days after inoculation 
their spleens were of normal size. No rickettsiae were seen in stained smears of 
either their livers or spleens. 

These mice were passaged into a second series of four animals M142—M145. 
When killed seven days after inoculation their spleens were found to be charae- 
teristically enlarged. Stained smears of their livers and spleens revealed the pre- 


sence of abundant rickettsiae. 
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As with the first tick strain, animal passage was performed five times, two 


fresh guinea-pigs and two immune ones being inoculated on each occasion. The 
strain behaved typically at each passage (Fig. 3, Table 4). 


TABLE 4. 


Isolation of Second Tick Strain. 


Tick Virus Passages. Immunity 
l 2 3 4 5 6 Test. 
A732+ A732 immune 
A719+ — A733+— | A751+ A751 immune 
tJ 367— | A750+-—- A764+ A764 immune 
tJ 371— | tJ 405— A763+—> | A772+ A772 immune 
tJ 407— tJ 414— | AT73+—> (| AT77+ A777 immune 
{ tJ 415— | tJ 422— | AT778+ A778 immune 
tJ 424— | +B472- 
tJ 411- 
M138 ) M142* 
M139 M143* 
M140 ~~) M144* 





| M141 } { M145* 
+ Febrile reaction. 
— No febrile reaction. 
* Rickettsiae seen in stained smears of liver and spleen. 
+t Immune guinea-pigs. 
The M numbers represent mice, the others guinea-pigs. 


Third, Fourth, Fifth and Sixth Tick Strains. 


In March, 1939, four strains of R. burneti were isolated from inocula con- 
sisting of emulsions of twenty-five, twenty, ten and twenty male ticks respectively, 
collected from four different bandicoots. On three occasions the tick-tissue in- 
oculum produced a febrile response in the inoculated guinea-pig. In one instan¢e 
the infection produced was inapparent in form. The strains were maintained for 
three passages in guinea-pigs, and also transferred to mice in which typical rick- 
ettsiae were demonstrated. 


DISCUSSION. 


Haemaphysalis humerosa has been recorded from a variety of host animals 
along the Eastern and Northern seaboards of Australia. Its range extends at least 
irom Sydney, New South Wales. northwards and westwards through Queensland 
and the Northern Territory to Barrow Island, North-West Australia (Fielding, 
1926). Bandicoots and opossums appear to be its common hosts. Twenty-seven of 
seventy-nine bandicoots from the mainland examined during this investigation 
carried the tick in small numbers. We have also taken it from two species of rats, 


Rattus rattus at Ipswich, and Rattus youngi at Moreton Island. In Queensland 
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EPIDEMIOLOGY OF Q FEVER 7 


it has also been found on cattle, and is once recorded from a horse (Roberts, 1934). 
We have also examined specimens taken in December, 1911, at Maryborough from 
a ‘‘dollar-bird’’, Eurystomus orientalis. 

The infected ticks here described were all obtained from Moreton Island 
where H. humerosa, apparently the only tick present upon the island, heavily in- 
fests the bandicoot population. Seventy-two of one hundred and ten bandicoots 
from Moreton Island carried ticks, as many as two hundred being removed from 
one animal. 

Certain information about the bandicoots on which the infected ticks were 
found is given in Table 5. Their sex and weight were various. The sizes of the 
spleens were, with one exception, within normal limits. The large spleen of bandi- 
coot 72 was possibly referable to an abscess of a foot. It is noteworthy that all 
the host bandicoots had been infected with Q fever. The sera of all of them (tested 
at the Walter and Eliza Hall Institute, Melbourne) agglutinated R. burneti, and 
from one bandicoot a strain of virus was obtained by guinea-pig inoculation of 
liver, spleen and kidney. 


TABLE 5. 


Bandicoots on which Infected H. humerosa were found. 








Spleen. 
Serial Weight. Percentage Guinea-pig Serum 

Number of Weight. Gm. of Body Inoculation Agglutination. 
Bandicoot. Sex. Gm. Weight. Result. Vo Yan Yoo 

72 M 1,787 20-0 1-12 oieh SS aa 

79 F 965 4-0 0-41 s +G4 +44 

128 M 1,146 3°5 0-31 fides ded jt 

136 M 1,826 7-2 0-39 * +++ +++ + 

139 M 650 2-3 0°35 a +++ 44+ 44+ 

140 F 780 2-0 0-26 ” +++ = sa 


* These were two very young guinea-pigs which did not survive the inoculation. 


The precise aetiological significance of the finding of naturally-infected ticks 
has yet to be determined. A history of tick-bite has not been a feature of human 
infections, nor to our knowledge has H. humerosa been observed to attack man, 
although we have found it to do so under experimental conditions in the labora- 
tory. However, in view of the discovery of infected ticks, and the entirely nega- 
tive results of over one hundred and fifty separate inoculations of other ectopara- 
sites collected from a wide range of native and domestie animals within the en- 
demic area, H. humerosa must be regarded as constituting at least an important 
factor in the natural maintenance of Q fever virus in the native animal population. 

In the definition of the genus Rickettsia, an important point is that these 
organisms are natural inhabitants of the intestinal canal of arthropods (Topley 


and Wilson, 1937). When the causative organism of Q fever was named Rickettsia 
burnett (Derrick, 1939), an arthropod host was suspected but not proved. The 





5 D. J. W. SMITH anv E. H. DERRICK 
























required proof is now forthcoming. Further work, to be published later, indicates 
‘that the intestinal canal is the site in H. humerosa where R. burneti is found. Thus j 
the chain of evidence for the rickettsial nature of the aetiological agent of Q fever 

is completed. 


SUMMARY. 


Six strains of Rickettsia burneti have been isolated from ticks of the species 
Haemaphysalis humerosa Warburton and Nuttall. These naturally-infeeted ticks 
were all collected from bandicoots captured at Moreton Island. 

The homology of the tick strains with strains of human origin was confirmed 
by their characteristic behaviour during animal passage. 

The tick H. humerosa must be regarded as an important factor in the natural 
maintenance of a reservoir of infection in the native animal population, but its 
precise aetiological significance with regard to human infections has yet to be 
determined. 

The discovery of an arthropod vector of the aetiological agent of Q fever pro- 





vides conclusive evidence of its rickettsial nature. 
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THE DIET OF SOME AUSTRALIAN SCHOOLBOYS 


by 


H. 8S. HALCRO WARDLAW anp C. J. WHITE, with the assistance of 
5 R. FISHER anp N. L. WAKE 


(From the Biochemical Laboratory of the University of Sydney, and the 
Kanematsu Institute of Pathology, Sydney Hospital). 


(Submitted for publication 18th September, 1939.) 


Little quantitative information is available on the diet of Australian children 
of school age. In its Fifth Report (1938) the Commonwealth Advisory Council 
on Nutrition publishes collective figures obtained by Bourne from an examination 
of the food consu‘aption and wastage of an institution catering for 168 children 
of both sexes ranging from 5 to 14 years of age. As far as the authors are aware, 
however, no direct Geterminations of the food intake of individual children have 
been published. Several investigations of the food intake of school children have 
been carried out abroad, but these too have been based on examination of the food 
consumption of institutions. Of these the investigation of Gephart (1917) is 
often cited as evidence of the high food intake of active growing boys. The more 
recently published monograph of Friend (1935) on the diet of Christ’s Hospital 
boys will probably long remain a model for such investigations. The boys whom 
he examined may be regarded as typical of the average schoolboy. He has pointed 
out that the very high figures which have been published for the energy consump- 
tion of schoolboys have been derived from institutions in which the boys devoted 
an exceptionally large proportion of their time to sport, or in which their principal 
activity was agricultural field work or other physical activity. 

In the present investigation direct determinations have been made of the 
food intake of boys who led the normal active life of schoolboys usual in this 
country. 


MATERIAL EXAMINED. 


The boys whose diets were examined were, with one exception, boarders in schools near 
Sydney. The examination was restricted to boarders owing to the difficulty of supervising ade- 
quately the diet of boys living in private homes. The exception happened to be under the direct 
contrel of one of the authors. Six schools, members of the Great Publie Schools’ Association of 
New South Wales, were included in the survey. 


Only boys who showed no obvious abnormality, who had not recently suffered from any 
illness, and who seemed likely to be co-operative subjects, were included in the examination, 
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They were chosen of such ages as to represent the lower, middle, and upper portions of the range 


of secondary school age. Any other kind of selection was intentionally excluded. 
Veasurements. 


Stature was measured in socks to the nearest half centimetre. Weights were measured to the 
nearest half pound with the boys clad in shirt, trousers, underelothing, and socks. The weight 
of this clothing was approximately 1 kg. This weight has been deducted from the recorded weight 
to give approximate nude weights. Surface areas were obtained from a nomogram of the Du Bois 
and Du Bois (1916) height-weight formula. 

The ratios of weight to height have been calculated to give some indication of build and 
state of nutrition. According to Paton and Findlay (1926) and to Friend (1935) this simple 
ratio gives if anything a more satisfactory index of build or state of nutrition than more complex 
exponential formulae involving height and weight or abstractions such as theoretical weight. 

The average measurements of the yearly age groups are given in Table 1. Similar figures 
for Sydney State School boys (Sutton, 1918; Bailey, 1935) and fer English schoolboys (Friend, 


1935) are given for comparison. 


TABLE 1. 


Measurements of Boys of the Present Series, of Sydney State School Boys (Harvey 
Sutton, 1918; Bailey, 1935), and of Christ’s Hospital Boys (Friend, 1935, 
Table 21). Means of Age Groups. 


Height (cm.). Weight (kg.). 
Age. Thisseries. Sutton. Bailey. Friend. 
(1) (2) (3) (4) (1) (2) (3) (4) 
11 143-0 137 +2 136-1 142-2 32°5 31-2 29-1 34°9 
12 148-0 141-5 141-1 144-8 38-5 33°5 32-0 37-6 
13 157-5 146-6 146-6 149-9 45-0 36-7 34-9 40-9 
14 157-0 152-4 149-9 157-5 44°5 41-3 38-8 46°5 
15 166-0 158-8 155-7 162-6 53-5 46-7 44-7 52°5 
16 172-0 163-1 167-6 60-0 50+4 57-7 
17 175-0 a 72°7 65-0 — 62-2 
18 172°5 175-3 62-5 _ = 65-8 
Surface area (sq. m.). Weight /Height. 

11 1-16 1-08 1-05 1-19 0-23 0-23 0-21 0-25 
12 1-25 1-15 1-13 1-23 0-26 0-24 0-23 0-26 
13 1-41 1-19 1-20 1-29 0-29 0-25 0-24 0-27 
14 1-40 1-32 1-39 1-43 0-28 0-27 0-26 0-30 
15 1°57 1-4] 1-39 1-53 0-32 0-29 0-29 0-32 
16 1-69 1-50 — 1-63 0°35 0-31 — 0-34 
17 1-78 — 1-72 0°37 —- ~- 0-36 
18 1-72 _ 1-79 0-36 ~ 0-38 


Table 1 shows that the boys examined were on the average not only distinctly taller and 
heavier than the State School boys, but their weight/height ratio was also definitely higher. The 
State School boys were both smaller and more lightly built. Examination of the individual 
measurements shows that only 3 out of 58 comparable measurements were below the averages for 
the State School boys. The difference between the two series is therefore significant. 

The boys of the present series were on the average taller and heavier than the English boys. 
Many of the individual measurements, however, fall below the averages for the English boys. The 
difference between the averages of the two series is therefore of doubtful significance. This is also 
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shown by the smail value and varying sign of the differences between the average weight/height 
ratios for these two series. 


The Food Samples. 


The samples of food for analysis were collected in a manner similar to that used previously in 
aun examination of the diet of adult students (Wardlaw, i920, 1922). In the previous examination 
single day’s rations were collected. In the present investigation the collection was continued 
for a period of one week. This period was chosen to cover the ordinary daily variations of food 
intake, and of school menu. The weight of each item of food collected was not determined 
separately, but each item was served in duplicate. The manner of obtaining the samples for 
analysis was thus the same as that by which the food was obtained by the boys under examination. 
As twenty-one meals and extras were collected, and as the number of individual items was many 
times this, it is believed that each sample represents fairly what the boy actually ate. 

For three subjects the weekly ration was collected in two portions, for three and four days 
respectively, which were analysed separately, The average daily values of each of these portions 
are given in Table 2. It was on the variation between the daily figures for the two portions thi: 
the decision to use the week as the unit period of examination was made. 


TABLE 2. 


Variation of Datiy Food Intake during Week. 


Subject 1 2 3 

Period days 3 4 3 + 4 3 
Solids 433-6 450-0 497-4 496-4 486-3 525-1 
Water 1149-5 1078-7 1369-0 1169-0 842-5 678-8 
Protein 71-6 70°1 85-3 84-5 76-4 70-8 
Fat 97-5 102-8 109-1 101-5 90-0 126°7 
C’hydrate 249-5 262-1 286-7 293-7 306-7 313-5 
Ash 13-9 15-0 16-6 16-5 13°3 14-0 
Calories 2224 2318 2540 2494 2407 2754 





Methods of Examination. 


The weight of materia! dealt with in the investigation was over 400 kg. The following method 
of treatment was adopted to facilitate analysis. 

Beverages such as tea were not collected, but milk and sugar added to them were added to the 
food. Milk drunk as such was not added to the main samples. Its volume was measured and its 
content of nutrients calculated from occasional analysis of the supply, which showed little varia 
tion. As much butter as possible was removed from the bulk sample before analysis, and analysed 
separately. Inedible material (such as bones and the skins of seeds of fruits) was removed 
before analysis. The exclusion of much of the water and fat from the bulk samples made the 
drying and sampling for analysis much easier. 

The bulk samples were finely chopped and mixed in a ‘‘ Buffalo’’ cutter and mixer. During 
this process a loss of 10 to 20 gm. occurred in samples weighing 7-10 kg. This loss was partly 
water and partly food material. It was neglected as, even if it consisted entirely of food material, 
it would be less than 0-2 p.c. Aliquot portions of about 2 kg. of the chopped material were taken 
for analysis. They were dried in shallow gauze trays at a temperature not exceeding 70°C, in an 
air oven for 24 hours. The material was ground to pass a 10 mesh per cm. sieve, allowed to reach 
constant weight in room air, and stored in air-tight containers, 

The following determinations were made on the air-dry material: Water was determined on 


30 gm. samples by the toluol distillation method. Nitrogen was determined on 0-5 gm. samples 
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by the Kjeldahl method, the factor 6-25 being used for calculation of protein, Fat was deter- 
mined by a slightly modified Rése-Gottlieb method on 2 gm. samples in which carbohydrate had 


been hydrolysed by heating with 10 p.c. hydrochloric acid in a boiling water bath for 45 minutes. 
Ash was determined on 5 gm. samples, soluble ash being leached out during the process. Carbo- 
hydrate was calculated in two ways, (1) by difference between the total solid of the samples and 
the sum of the above principal constituents,! (2) by measuring the oxygen required to burn the 
sample in a modification of the Benedict oxycalorimeter (Benedict and Fox, 1925; Daggs and 
Wardlaw, 1933). The oxygen required to burn the protein was caleulated on the assumption 
that its elementary composition was: C, 54 p.c., H, 7 p.c., O, 22 p.e., N, 16 p.c., 8, 1 p.c. On the 
basis of these figures each gm. of protein requires 1-795 gm. oxygen and liberates 0-183 gm. 
nitrogen. The oxygen required to burn the fat was calculated from Catheart’s (1931) modifica- 
tion of the Zuntz-Schumburg table of calorific values of oxygen, an average figure of 9-3 calories 
per gm. being used for fat. The carbohydrate was calculated from the residual oxygen from the 
same table assuming that the average calorific value of the carbohydrate was 4-1 calories per gm. 


TABLE 3. 


Daily Food Intake of Boys. 


Age. Height. Weight. Protein. Fat. Carbohydrate,gm. Ash. Calories. 

No. y.m. em. kg. gm. gm. indirect. combust. gm. indirect. direct. sq.m. 
1311-6 147°5 35°8 47-2 59-3 176-1 168-9 8-0 1,471 1,472 1,215 
15 11-8 138-5 31-3 64°3 68°38 253°5 250-7 12-1 1,945 1,952 1,738 
12 12-1 147°5 45-4 53°6 65-2. 198-1 199-4 10°0 1,656 1,658 1,236 
26 12-4 147-5 34°5 72°7 71-9 330-0 334°7 12°5 2,319 2,319 1,940 
ll 12-6) «147-5 36-7 52-1 58-3 170-0 166-7 10-9 1,452 1,458 1,199 
37 =: 12-8 150-0 38-6 92-8 95-7 330-4 316-8 13°4 2,624 2,600 2,082 

5 13-5 150-0 33-1 63-5 74-0 191-3 165-3 15-0 1,736 1,866 1,434 

4 13-5 157-5 45-4 72-6 83-7 206-5 187-1 13-9 1,922 1,913 1,340 
23 13-6 152-5 42-6 106-7 117-8 348-@ 372-6 19°7 2,972 2,972 2,200 
14 13-8 169-0 58-1 65-3 69:6 287-3 291-3 12-4 2,089 2,130 1,265 
27 14-0 150-0 34:9 65-0 51-3 235-9 = 241°8 15-0 1,707 1,704 1,410 
46 14-1 165:0 48-1 61-7 52-7 238-3 232-4 12-1 1,716 1,727 1,137 

3 14-1 157°5 45-4 73°8 106-9 308-6 316-8 13-7 2,561 2,553 1,817 
22 143 159°0 45-4 106°8 117°5 353-5 335-2 20-2 3,017 2,968 2,122 
25 14-5 157°5 41-3 81-7 67-9 421-1 418-4 18-0 2,692 2,696 1,975 
24 15-1 165-5 54-4 84-0 67°8 394-1 393-3 18-5 2,590 2,609 1,639 

9 15-2 162-5 51-7 91-9 96-0 275-4 287-5 22-9 2,403 2,460 1,570 
34 15-6 167-5 59-0 79-0 89-3 329-1 317-0 16-0 2,498 2,540 1,514 
20 «16-0 175°5 66-2 100-9 114-4 290-0 271-2 20-8 2,662 2,666 1,479 
35 16-1 175-5 = 63°5 74°3 75°2 368°2 365-4 15-2 2,509 2,462 1,425 

1 16-6 178-0 62:1 70-8 101-4 256-2 250-3 14°5 2,283 2,322 1,296 
16 16-7 167°5 56:7 108-2 111-3 367-4 363-8 24-3 2,960 2,999 1,827 

2 16-1 167-5 63-5 84-7 105-6 289-9 283-8 16-7 2,517 2,509 1,481 
30 16-1 170-0 51-7 76-3 63-8 298-4 290-0 14°5 2,128 2,202 1,283 
19 16-7 17075 54:9 108-9 100-4 534-6 535-5 24-2 3,570 3,599 2,215 

8 16-7 172-5 59-4 89-5 95-5 305-3 298-0 15-8 2,506 2,529 1,490 
33 «17-3 174:0 59-5 104°3 112-5 421-9 420-8 18-6 3,217 1,897 1,897 

7 17-4 185°5 = 72°1 92-9 82-7 275-8 251-0 18-3 2,279 2,223 1,175 
29 17-4 178-0 58-1 83-5 73-7 322-1 324-2 17-0 2,382 - 2,385 1,376 
32 17-6 165-0 59-0 74 °4 90-7 328-7 301-8 13-0 2,505 2,481 1,537 
21 417-6 180°5 67°6 118°5 123-7 326-5 306-0 24-6 2,992 2,967 1,621 
18 17-7 175°5 83-0 95-7 191-2 408-5 403-3 19°5 3,837 3,810 1,938 
17: 18-6 170-0 59-4 103-1 91-0 347-9 342-9 22-0 2,699 2,679 1,620 


6 18-11 175-0 65-3 107 - 


92-2 346-6 339-4 19°8 2,715 2,755 1,515 

1 The weakness of this conventional method of obtaining the carbohydrate content of food is 
realized. Quite apart from the fact that errors tend to accumulate on a difference figure, the 
weight of material calculated cannot all be assimilable carbohydrate. 
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The total calorifie value of the food samples was calculated from the analytical figures using 
the factors 4-1, 4-1 and 9-3 calories per gm. for protein, carbohydrate and fat respectively. 

The ealorific value of the samples was also determined directly in the bomb calorimeter, the 
small conventional correction for heat of neutralization of acids produced being applied after 
determination of the acid by titration. The factor 5-3 calories per gm. was used for the calorific 
value of the protein as burned in the bomb and the correction necessary to reduce this to the 
metabolic calorific value was applied. The results of the individual determinations which were 
made in duplicate are given in Table 3. The variation between duplicates was within + 1 p.e. 
for all determinations except ash. Variations as high as + 2-5 p.c. were occasionally found for 


ash in spite of repeated determinations. 


COMPOSITION OF DIET. 

Table 4 shows the percentage distribution of the principal constituents of the 
diets examined, and of the energy derived from these constituents. The mean and 
extreme figures are given. 


TABLE 4. 


Distribution of Constituents and Energy of Daily Food of Boys. 


Protein. Fat. Carbohydrate. Ash 

Weight. Energy. Weight. Energy. Weight. Energy. Weight. 
Max. 19-9 16-2 26-1 45-3 75°9 67°3 4°7 
Min. 10-8 10-0 10-8 22-1 54-3 44-1 1-9 
Mean 16-7 14-0 17-5 33-4 62-7 52°9 3-1 


The figures may be compared with those found by Friend (loc. cit. Table 11) 
for English schoolboys studied over a period of years. His mean figures for the 
percentage distribution of energy for the last five years of his survey (1929-1933) 
are: protein 12-5; fat, 33-5; carbohydrate, 53-9. The range shown by Friend’s 
figures is smaller than that shown above, but the two series are not comparable as 
the English figures are not based on individual results. The mean proportion of 
protein is distinctly higher in the diet of the Australian boys. 


Milk and Butter Content of the Diet. 


The data available for the present diets enable minimal figures to be given for 
the average daily consumption of milk and butter by the boys examined. It must 
be emphasized that the figures given are minimal, as they do not include any milk 


and butter used in the cooking of the food, but only the amount of these materials 
consumed as such. The daily averages of these minimal figures are: milk, 393 ml.; 
butter fat, 16-6 gm.; total minimal milk fat, 30-7 gm. The highest figures for the 
series are: milk, 1,000 ml.; butter fat, 35-0 gm.; total milk fat, 74-6 gm. The 
lowest figures are not given as they have no significance, for the reason stated, and 
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because in one or two instances milk and butter were not completely separated 
from the bulk samples. 
The milk collected separately contributed an average of 16-4 p.c. of the total 





protein and 10-9 p.c. of the total energy of the diet. The highest figures were 
38:0 p.c. and 24-6 p.c. respectively. The average daily volume of milk contained 
about 0-8 gm. calcium. : 
e 
Fresh Fruit. 
Precise information on the daily intake of fresh fruit is not available. It was 
not always possible to separate this item of the diet from the rest. The information 
indicates, however, that the average minimal daily intake was slightly less than 
one item of fresh fruit per boy. ¢ 
Water Content of Diet. 
The water content of the diets, exclusive of that contained in beverages and 
in milk drunk, is of some interest. It ranged from 55:5 p.c. to 74-2 p.c. of the wet 
weight of the food; the mean value was 65-6 p.c. The mean daily weight of dry 
t 


food was 492-7 gm. The mean daily intake of water in addition to that drunk 
was therefore 940 ml. 
Effect of Season on Diet. 


The collection of the samples of food extended over two periods of the year, a 
cooler period from May to September, and a warmer period from September 1o 
December. The distribution of the composition of the samples in the two periods, 
with reference to the mean values of the constituents, is shown in Table 5. 


TABLE 5. 


Effect of Season on Distribution of Results above and below Mean Values. 


Protein. Fat. Carbohydrate. Ash. 
Number Cool. Warm. Cool. Warm. Cool. Warm. Cool. Warm. 
Above mean 8 11 10 7 2 15 7 7 
Below mean 4 11 2 15 10 7 5 15 


Table 5 shows that values of the percentage of fat above the mean value, and 
values of the percentage of carbohydrate below the mean value are more frequent 
during the cooler period. An examination of the standard deviations of these 
distributions shows that the odds are about 4 to 1 against the difference being due 
to chance alone. 

The difference of distributions of the percentages of protein and of ash be- 
tween the two periods is smaller. The figures do not suggest the possibility of a 
seasonal effect on the proportions of these constituents of the diet. 
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The tendency for a diet relatively richer in fat to be consumed during the 
cooler portion of the year is not surprising. It is common experience that such a 
diet is more acceptable under cool conditions. Friend’s (loc. cit.) figures for 
English boys show a similar increase in the proportion of fat in their diet during 
winter months. 

Any effect of season on total food intake, as measured by calorific value is not 
so easy to demonstrate in a small number of results owing to the variation of age 
and size of the subjects. A comparison may perhaps be made by expressing the 
energy intake in terms of predicted basal intake. The mean daily intake of energy 
was 145 p.c. of the Boothby standards of basal metabolism (see later). The dis- 
tribution of the individual figures shows that an energy intake above the mean 
occurred more frequently during the warmer than during the cooler period, but 
the difference is too small to be significant. The fact that the actual basal meta- 
bolism of the boys is not known makes considerable caution necessary in attempt- 
ing to interpret these results. They can at least be said to indicate no tendency 
for the total energy intake to increase during the cooler period of the vear. The 
decrease in the proportion of carbohydrate is on the whole at least equivalent 
calorifically to the increase in the proportion of fat. It is interesting to notice that 
Friend ’s results show quite definitely no increase in the total energy intake of the 
English boys during the winter months. 


Range of Food Intake. 


The calorific value of the daily food of the boys examined ranged from 1,472 
to 3,817 calories. Although several investigators, notably Benedict and Talbot 
(1921), Bjerring (1935), and Adams and Poulton (1937) claim that energy 
metabolism is just as closely correlated with the simple measurement of weight 
as with more complex measures of size, the weight of evidence still seems to show 
that surface area is the best basis of comparison. This question has recently been 
thoroughly reviewed once more by Berkson and Boothby (1936) in connection 
with their new series of standards for basal metabolism. On this basis the energy 
consumption of the present subjects ranged from 1,199 to 2,219 calories per sq. m. 
per day. 

These figures are still not strictly comparable owing to the variations of age 
of the subjects. The daily energy intake expressed as percentages of the Mayo 
standards for basal metabolism ranged from 102 p.c. to 203 p.e., with a mean value 
of 144-6 p.c. In interpreting these figures the following considerations must be 
borne in mind: 

(1) The basal metabolism of white Australians living in the South-eastern part 
of the Continent is in the vicinity of 10 p.c. lower than that of comparable North 


American subjects (Ilindmarsh, 1926; Wardlaw, Davies and Joseph, 1934). In 
the North-eastern part of Australia the difference is still greater (Sundstrom, 
1926). 
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(2) Boothby and Berkson’s (1936) standards of basal metabolism like those 
of Aub and Du Bois (1916), from which they differ surprisingly little, are based 
on ‘‘hospital normals’’. Such figures as the above authors admit, and as has been 
shown by Krogh and Lindhard (1920) and by Bjerring (1935), are approximately 
5 p.e. above the true basal metabolism of the subjects. f 

(3) Even with strictly applicable standards of prediction the normal varia- 
bility of actual from predicted figures must be Jake n into account. Boothby and 
Berkson (1936) have shown by statistical analysis of their extensive material that 
the standard deviation of the basal metabolism of males under 20 years of age is 
+ 3-14 calories /sq.m.hr., approximately 8 p.c. In a large series about one indivi- 
dual in six will have a basal metabolism 8 p.c. or more lower than the standard 
value. 

The energy metabolism of an Australian boy which is reported as 102 p.e. of 
the Mayo standard figure is probably another 15 p.c. above his actual basal figure, 
and may possibly be another 8 p.c. or more higher still. There is about a 1 in 6 
chance that the total metabolism is actually 25 p.c. or more above the basal figure. 
The mean figure for the present series is approximately 10 p.c. lower than the 
corresponding figure for Friend’s results. When allowance is made for the differ- 
ence of about 10 p.c. between English and Australian basal figures, the agreement 
between the two series of results is seen to be very close. 

The average value of about 45 p.c. above the basal for total metabolism is 
rather lower than some figures published by Maroney and Johnson (1937), 
which the conclusion was reached that satisfactory growth of the boys observed 
did not occur at levels of energy intake less than about 74 p.c. above the basal 
metabolism. Most of the children observed by these workers were, however, 
younger than the boys of the present series. The figures for the height and weight 
of these boys are above the measurements for the majority of Sydney boys of the 
same ages (Table 1). There can be no question, therefore, of the food intake of 
the present boys having been inadequate for satisfactory growth. It must be 
borne in mind, however, that their growth at the time of the measurements was a 
result of their dietary history up to that time. Their nutritive level may not al- 
ways have been the same as it was at the time of the measurements. 

The energy intake for different ages may also be compared in terms of man- 
values or consumption units. These too do not afford a very precise comparison 
owing to uncertainty as to the best conversion factors. The average man-values 
of the yearly age groups of the present series are given in Table 6. The Catheart 
and Murray (1931) conversion factors have been used : Age 10-12, 0-7; age 12-14, 
0-8; age 14+, 1-0. 

The mean man value of the whole series is 2,652 calories per day. This is well 
below the 3,400 calories per day recommended by the Committee of the British 
Medical Association (1933) even when a deduction of 10 p.c. is made to allow 
for climatic differences. 

The present mean figure is very close to that of 3,000 calories recommended 
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by Catheart and Murray (loc. cit.), and to the 2,400 calories + 600 calories for 
activity recommended by the Technical Commission of the Health Committee of 
the League of Nations (1935) when the same percentage deduction is made. 

All of these figures are much lower than those found by Bourne (1938), who 
reports man-values as high as 4,200 calories per day for the children of a Sydney 
charitable institution. 


Protein Intake. 


The mean daily protein intake of the boys examined ranged from 47-2 to 
191-2 gm. The figures are not comparable because of the variations of age and 
size. The mean figures for the yearly age groups are given in Table 5. These range 
from 55-8 to 105-4. Their relation to the size of the boys is discussed later. 

The most rational unit of body size on which to compare protein intake is 
probably the body weight, owing to the essential function of protein as a building 
material. On this basis of comparison the individual protein intakes range from 
1-12 to 2-40 gm. per kg. per day. The mean figure is 1-60. This is below the 
figure of about 2 gm. per kg. per day which is generally considered desirable for 
growing boys, and to which the average of Friend’s figures (loc. cit. Table 10, 1929- 
1933) for the English boys approximates. 

The data available do not allow of a quantitative statement as to the propor- 
tion of first-class or animal protein present in the diet. From the nature of the 
diets and the relatively low proportion of carbohydrate, there can be little doubt 
that animal protein formed well over half of the total protein. 

As the figures in Table 5 show, there is no obvious correlation between the 
average protein intake per unit of weight and the average weight and age of the 
boys, or with their physique as indicated by the weight/height ratio. 


Relation of Food Intake to Size. 

An increase of the daily food intake with age occurs during the period of 
growth. Table 6 shows the daily intake of the various constituents of the food 
for the yearly age groups of the present series of boys. 

TABLE 6, 


Daily Food Intake of Boys. Means for Age Groups. 


Calories. P.c. Man Protein 

Age. Protein. Fat. Carbohydrate. Ash. Day. Sq.m. B.M.R. Value. gm./kg. 
11 55°8 61-2 217-5 10°1 1,691 1,472 130 2,100 1-69 
12 67°8 72-8 257-1 11°7 2,013 1,614 144 2,520 1-80 
13 77-0 84-7 260-5 15°3 2,338 1,692 140 2,410 1-80 
14 77°8 79-2 311-5 15-8 2,338 1,692 154 2,338 1-75 
15 85-0 84°3 333-0 19-1] 2,697 1,574 158 2,697 1-59 
16 89-2 95°5 339-4 18-1 2,642 1,687 154 2,642 1°51 
17 95-4 112-4 347°3 18-5 2,867 1,522 139 2,867 1-47 
18 105-4 91-6 347-3 20-9 2,707 1,568 152 2,707 1-79 
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When the figures in Table 6 are examined in relation to the size of the boys, 
the constituents are found to fall into two groups : those which funetion practically 
exclusively as fuels (fat and carbohydrate) and those which function essentially 
as building material (protein and inorganic material). 

The fuel intake increases with age at a rate parallel to the rate of increase of * 
surface area. The intake of building material increases more rapidly, at a rate 
parallel to the rate of increase of body weight. This relation is shown graphically 
in Fig. 1. 


A 73 ss- 47 19 





8 Wephr 





4/60 _— — 


440}- 


420}- 











Area 


| | I 
41 /3 1s" 47 -) ge 





Fig. 1. Variations of fuel (fat and carbohydrate ® ) and building material (protein and 
ash @), body weight (upper graph) and surface area (lower graph) with age: percentages of 
initial values, 
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In the figure the various quantities have been plotted as percentages of their 
initial values to facilitate comparison. The points for protein + ash lie in close 
relation to those for body weight, while the points for fat + carbohydrate fall on 
a slope roughly parallel to that of the points for surface area. The superiority of 
surface area to body weight as a basis for comparison of energy metabolism is in- 
dicated by these figures. 


SUMMARY. 


The daily intake of energy of a group of normal Sydney schoolboys ranged 
‘rom 1,691 calories at age 11 to 2,707 calories at age 18. The corresponding range 
of protein intake was from 55-8 to 105-4 ¢@m. The mean values were 1,588 calories 
sq. m. and 1-60 gm. protein/kg. 

The mean composition of the food was: protein, 16°7 p.c.; fat, 17-5 p.e.; 
carbohydrate, 62-7 p.c.; ash, 3-1 p.c. The proportion of fat was greater during 
the colder months of the year, but the calorific value of the diet did not inerease. 

The daily intake of fuel (fat and carbohydrate) increased with age at a rate 
similar to the rat» of increase of surface area. The daily intake of building mate- 
rial (protein and ash) increased more rapidly and at a rate similar to the rate of 
increase of body weight. 
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PHYSIOLOGICAL ONTOGENY IN THE TOBACCO PLANT" 


3. THE DRIFTS IN ORGANIC-ACID CONTENT OF THE LEAVES IN 
RELATION TO PHOSPHORUS SUPPLY AND TOPPING. 


by 
E. DOROTHY WARD anp A. H. K. PETRIE 


(From the Waite Agricultural Research Institute, University of Adelaide). 
(Submitted for publication 6th October, 1939.) 


INTRODUCTION. 


In the study of plant ontogeny, the changes in amounts of all chemical com- 
pounds present in the various organs are of interest. Little consideration has yet 
been given to changes in organic-acid content of leaves, although these compounds 
include important intermediaries in metabolism. On account of its relation to 
quality in tobacco, the ontogenetic drift in organic-acid content has been studied 
in the plants of the experiment described in the first paper of this series (Petrie, 
Watson and Ward, 1939). The investigation was confined to the total organic 
acidity and to oxalic acid. Ten or more organic acids have been detected in the 
leaves of the tobacco plant, but by far the greater part of the organic acidity is 
due to malic, oxalic and citric acids (Vickery and Pucher, 1921), the amounts pre- 
sent decreasing in the order named (Vickery et al., 1935). The aim of the present 
experiment was to observe the effects of phosphorus supply and topping on various 
aspects of ontogeny, and the first paper dealt with dry-weight and leaf-area data, 
while a second paper (Watson, 1939) was devoted to a consideration of the drifting 
water content of the leaves. 


ANALYTICAL METHODS. 


The estimations were carried out on the oven-dried material of the first, second and third 
leaf-groups referred to by Petrie, Watson and Ward. The method used was that of Pucher, 
Vickery and Wakeman (1934), according to which the acids are extracted with ether after 
acidification of the material to approximately pH 1. The acidity attributable to organic acids 
is then determined by potentiometric titration between the arbitrarily selected limits pH 7-8 
and 2-6. Two corrections, however, have to be applied to the value so obtained. The first of 
these is for oxalic acid which, under the conditions of the determination, behaves as a monobasic 








1 The work described in this paper was carried out as part of a general investigation on 
quality in tobacco undertaken by the Commonwealth Council for Scientific and Industrial 
Research. 
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Fig. 1. Curves of absolute total organic acidity in the leaf groups (milli-equivalents per 
plant). The vertical lines marked T in this and succeeding graphs indicate the point in time at 
which topping was performed; for comparative purposes this point has been marked in the 
graphs for the untopped plants as well as in those for the topped plants. The dotted lines 
indicate corresponding points in time on the curves for the topped and untopped plants. The 
unbroken vertical lines (where necessary marked with appropriate treatment number) indicate 
the average time of attainment of ripeness for the group of leaves concerned. 


eee 








PHYSIOLOGICAL ONTOGENY IN THE TOBACCO PLANT 23 


acid; this acid is therefore separately determined after precipitation as calcium oxalate. The 
second correction is necessary since malic and citric acids are titrated only to the extent of 
approximately 90 p.c. 


ABSOLUTE TOTAL ORGANIC ACIDITY (Figs. 1 and 2). 
[t will be observed that the curves presented in this paper frequently exhibit 
erratic fluctuations; these are probably due partly to variability of the material, 


and in this survey emphasis is consequently placed on broad effects rather than on 
minor variations. 
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Fig. 2. Curves of absolute total organic acidity in the leaf groups (milli-equivalents per 
plant), the curves for the topped and untopped plants superimposed. In this and sueceeding 
graphs U = untopped and T = topped. 


In the first and second groups of leaves the organic acidity increases until the 
approximate time of attainment of the maximum leaf area of the group; this oc- 
curs at harvests 3-4 in the first group and a little later in the second (cf. Petrie, 
Watson and Ward, Figs. 10 and 11). There is in general no further acid aceumu- 
lation in these groups. The maximum dry weight oceurs at about the same time 
in the first group, but tends to be later than the maximum area in the second (idem, 
Figs. 5-7). After the attainment of the maximum in the first group there is a 
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Fig. 3. Curves of percentage total organic acidity in the leaf groups (milli-equivalents per 


100 gm. dry matter). 
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decline in dry weight in the untopped plants, but concomitant decrease in organic 
acidity occurs only with treatments III and 1V. In the third group there is an 
increase in acidity after the attainment of maximum area, the absolute organic 
acidity thus tending more to follow the dry-weight drift. 
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Fig. 4. Curves of percentage total organic acidity in the leaf groups (milli-equivalents per 
100 gm. dry matter), the curves for the topped and untopped plants superimposed. 


Depression with the higher phosphorus treatments eventually manifests itself 
ineach group. The optimum treatments are II and ITI, except in the second group, 
where the treatment I curve tends to be uppermost. 

Topping has in general increased the absolute organic acidity, the more so the 
higher the group. 


PERCENTAGE TOTAL ORGANIC ACIDITY (Figs. 3 and 4). 


In the first group there is a considerable rise with time in percentage organic 
acidity, the slope of the curves tending to decrease with treatment. The rise after 
harvests 3—4 obviously results from the senescent decline in dry weight. The lesser 
slopes of the curves for the untopped plants with treatments III and IV are asso- 
ciated in the case of treatment III with the smaller decline in dry weight, and in 
both treatments with the tendency for the absolute organie acidity to fall during 
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Fig. 5. Curves of absolute amounts of oxalie acid 
in the leaf groups (gm. per plant; multiplication of 
the amounts by 22-2 converts them to milli-equiva- 
lents per plant). 
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senescence. The less marked rise in the curves for the topped plants results from 
the smaller loss of dry matter from the leaves. Apart from these effects on the 
curves of the change in the amount of dry matter in the leaves, it is apparent that 
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there is a treatment effect associated directly with the increasing phosphorus 
supply : with high phosphorus supply both absolute and relative organic acidities 
are decreased. 

In the second group the absolute organic acidity increases at a rate tending 
to be equal to or less than that of the rate of accumulation of dry matter, so that 
the percentage remains steady or falls. After the penultimate harvest there is in 
most eases a fall in dry weight, but again no corresponding decrease in absolute 
organic acidity, so that the percentage rises. Treatment effects are similar to 
those of the first group. Topping increases the absolute organic acidity, but has a 
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Fig. 6. Curves of absolute amounts of oxalic acid in the leaf groups (gm. per plant), the 
curves for the topped and untopped plants superimposed. 


still greater effect on dry weight, so that the percentage organic acidity is lowered 
except in the aberrant case of the plants receiving treatment IV. 


In the third group the accumulation of dry matter has with all treatments a 
vreater relative rate than that of the increase in absolute organic acidity, resulting 
in fall in the percentage values. But the relation of the relative rates of increase 
is similar in both normal and topped plants, so that there is no definite effect of 
topping on the percentage organic-acidity curves. The decline in both cases tends 
to cease as the rate of dry-matter accumulation falls. Treatment effects resemble 
those of the previous groups. 
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ABSOLUTE OXALIC-ACID CONTENT (Figs. 5, 6 and 7). 


Like the absolute total organic acidity, the absolute oxalic-acid content ceases 
its rapid rise approximately at the time of attainment of maximum leaf area. In 
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Fig. 7. Graphs showing for each leaf group the acidity due to oxalic acid expressed as a 
percentage of the total organic acidity, both quantities being on a milli-equivalent basis. The 
continuous curves are those for the untopped plants and the dotted curves those for the topped 
plants. 


the first group there is in general after this stage a temporary fall, which is scarcely 
evident in the total acidity, and which may be due only to variability of the mate- 
rial. Apart from this the oxalic-acid curves tend to rise during maturity and 
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senescence, slightly in the first and second groups and more rapidly in the third. 
The absolute oxalic-acid content tends to increase with treatment at first and 
then to fall again with higher treatments, although this effect is not always so con- 
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Fig. 8. Curves of percentage amounts of oxalic acid in the leaf groups (gm. per 
100 gm. dry matter). 


sistent as in the total organic acidity. The effect of topping is similar to that in 
the total organic acidity, but is relatively greater in the third group. 

The relative proportions, in terms of acidity, of oxalic acid and the remaining 
acids are exhibited in Fig. 7. On the whole they tend to remain fairly constant, 
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but the proportion of oxalic acid tends to rise slowly towards the end of the ex- 
periment. Topping produces only an inappreciable effect on the proportions in 
the first and second groups, but in the third group it causes a considerable increase 
in that of oxalic acid. 
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Fig. 9. Curves of percentage amounts of oxalic acid in the leaf groups (gm. per 100 gm. 
dry matter), the curves for the topped and untopped plants superimposed. 


PERCENTAGE OXALIC-ACID CONTENT (Figs. 8 and 9). 


In the first group the curves show a rise between harvests 2 and 3, as is seen 
generally in the corresponding curves for the total organic acidity. There is then 
a fall resulting from the fall in the absolute amount of oxalic acid present; and 
finally a rise, as in the total acidity, resulting from the senescent decline in dry 
weight. The treatment effects differ from those in the total organic acidity : they 
are less consistent, and tend to show an optimum rather than a progressive decline 
with increasing phosphorus supply. 

In the second and third groups the drifts resemble those in the percentage 
total organic acidity, and can be explained in the same way ; the treatment effecis, 
however, are less consistently defined. 

The effect of topping in the first and second groups resembles that produced 
in the total organic acidity ; the behaviour with treatment I in the first group, 
however, is exceptional, as was found in the percentage water content (Watson, 





PHYSIOLOGICAL ONTOGENY IN THE TOBACCO PLANT 31 


1939). In the third group the topping effect is the inverse of that in the previous 
two groups, on account of the large accumulation of oxalic acid. 


DISCUSSION. 
Ontogenetic Drifts. 


It has been seen that the absolute organic acidity increases so long as there is 
an increase in area of the leaves. In the third group there is a subsequent increase 
which is mainly due to oxalic acid ; in the other groups also the absolute amount of 
oxalie acid, and the proportion of the total acidity due to oxalic acid, tend to in- 
crease slightly after maturity.2 Vickery and Pucher (1933) conclude that 80-90 
p.c. of the oxalic acid is present in the leaf in an insoluble state as calcium oxalate, 
so that oxalic acid is probably to be regarded as a by-product that slowly aceumu- 
lates as long as metabolism proceeds.* Olsen (1939) has produced evidence that 
the amount of calcium ions absorbed determines the amount of oxalic acid formed 
in plants; this conforms with the conclusions of Grzenkowski (1929) and Ijin 
(1938). As accumulation of calcium is known to continue in the leaves of plants 
as a whole for a considerable time after the cessation of dry-weight increase (Wag- 
ner, 1932), it is possible that this accounts for the continued accumulation of oxalic 
acid. The remaining organie acids, on the contrary, represent an intermediate 
stage in metabolism : they are formed as a result of glycolysis and of deamination, 
and disappear by amination and respiration. The difference in behaviour of the 
acids after maturity may thus be associated with this difference in their metabolic 
status.4 

The rate of increase during growth tends to be equal to or less than that of 
the inerease in dry weight, so that the percentage organic acidity tends to remain 
constant or to fall; after maturity it falls so long as the dry weight increases, and 
then rises when the dry weight begins to fall. 


2 Leaf maturity is defined as the stage of attainment of maximum area. 


’ Oxalate ions are broken down in plants (Zaleski and Reinhard, 1911; Staehelis, 1919), 
but it has not been shown that this can happen after they have once been precipitated. 

4 Vickery et al. (1935) found a fall in absolute malic and oxalic acid contents in the total 
leaves of the tobacco plant at the time of fruiting; it should be noted, however, that the sig- 
nificance of this fall rests upon only one point, namely that for the antepenultimate harvest. 
During the earliest phase of growth in their experiment the oxalic acid increased rapidly in pro- 
portion to the remaining acids; when the seedlings had become established the proportion fell 
again and then stayed fairly constant. Accumulation of acids ceased at the time of attainment 
of maximum dry weight of the total leaves. Smirnow et al. (1928) have investigated certain 
organic-acid drifts in tobacco leaves but, as Vickery et al. (1935) point out and Smirnow himself 
realized, the methods of analysis available at that time were unreliable. Vladimirov and 
Liaskovskaja (1938) found that the percentage of citric acid in the dry matter of leaves of 
Nicotiana rustica increased with age. Kissling (1902) found an increase in percentage content 
of malic, citric and oxalic acids in tobacco leaves during the early stages of growth, after which 
the values remained fairly constant. 
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The Effect of Treatment. 


In the previous two papers it has been pointed out that increasing phosphorus 
supply delayed senescence in the first group, and hastened it in the second and 
third. This effect could for example be seen in the decline of the water content of 
the leaves in the first and second groups and in the time of ripening for all three 
groups ; to some extent also it is seen in the leaf-area curves, that for treatment I 
undergoing a more rapid decline in the first group and a more prolonged increase 
in the third. Organic acid contents are less valuable as an index of rate of develop- 
ment, since they undergo no regular decline after leaf maturity; but, had treat- 
ment effects on rate of development been pronounced in the dry-weight data, 
doubtless such effects would have been revealed in the percentage organic acidity 
also. 

Increasing phosphorus supply decreases the percentage organic acidity, the 
effect tending to become more pronounced with time. Since it increases the water 
content it is probable that it also decreases the concentration of organic acids in 
the sap. Both Dunne (1932) and Boning and Boning-Seubert (1932) give reasons 
for believing that low phosphorus supply increases the organic-acid content of 
plant sap. The explanation for such a treatment effect is not clear. The Bénings 
suggest that increased organic-acid content may result from an increased concen- 
tration of ammonium ions which may accompany the higher soluble-nitrogen con- 
tent of phosphorus-deficient plants; but Pucher, Clark and Vickery (1937) found 


no correlation between ammonia content and organic acidity of tobacco leaves. 
On the other hand Pucher, Vickery and Wakeman (1938) found a correlation be- 
tween the excess of positive over negative ions and the organic acidity of tobacco 
leaves. Where large amounts of phosphate ions are present this excess may be 
decreased, but the correlation does not imply that organic acidity is determined by 
the excess of positive ions. Another possibility is that, with deereased rate of pro- 


tein synthesis as occurs in phosphorus-deficient plants, organie acids accumulate 
through reduction in the rate of amination. 


The Effect of Topping. 


In the previous papers it has been seen that the final dry weight of the leaves 
was increased by topping, the more so the higher the position on the stem. This 
was partly due to accumulation of reserve materials within the leaves; it thus 
caused a reduction in their percentage water content. The same effect is produced 
in the percentage total organic acidity and oxalic-acid content of the first and 
second groups. The oxalic-acid and water contents of the first group with treat- 
ment I, however, are exceptional. Possibly this is because there is here initially 
as much drain on the dry matter in the topped plants as in the untopped (cf. Petrie, 
Watson and Ward, Fig. 6). In both cases a limit may be imposed on growth by 
the available phosphorus, and within this limit the upper leaves constitute as large 
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a sink for certain compounds as do the inflorescence plus the fourth group. In 
the third group also the effect on percentage oxalic-acid content is reversed, be- 


cause topping causes a large accumulation of this acid in the leaf tissues; as a 
consequence the reduction in the percentage total organie acidity produced by 
topping in the third group is less well defined than in the lower groups. Possibly 
the accumulation of oxalic acid in the third-group leaves of the topped plants is 
associated with the retention of materials for which the normal sink is removed. 


The Position on the Stem. 


As in the case of water content (Watson, 1939) the percentage organic acidity, 
at the times of attainment of maximum leaf area and of ripeness, is less the higher 
the position of the leaves on the stem. This is attributable again to the difference 
in structure of sueeessively-formed leaves referred to by Watson. Apart from 
the small proportion present as insoluble salt, organic acids must exist in solution 
in the cell-sap and presumably the aqueous phases of the cytoplasm; and when 
expressed on a water basis the organic acidity rises slightly in the successive leat- 
eroups. 


SUMMARY. 


This paper deals with the drifts in the total organic acidity and in the oxaliec- 
acid content of the leaves of the tobacco plant as affected by phosphorus supply 
and topping. 

The absolute total organic acidity increased up to the time of attainment of 
maturity (i.e. maximum area) of the leaves. Thereafter there was a further in- 
crease in oxalic acid, slight in the lower leaves, more marked in the upper ones; the 
acidity due to the remaining acids underwent no further appreciable increase after 
maturity, and with high phosphorus treatment a slight decrease was indicated. 
The percentage organic acidity on a dry-weight basis tended to remain constant 
or to fall until maturity ; thereafter it fell so long as the dry weight increased, and 
then rose when the dry weight began to fall. 

Increasing phosphorus supply depressed the percentage organic acidity on a 
dry-weight basis, and the data suggest that this applied also to the concentration 
of organic acids in the cell-sap. 

Topping caused a decrease in percentage total organic acidity and oxalic-acid 
content of the lower and middle leaves; this is attributable to the increased ac- 
cumulation of reserve materials. In the upper leaves topping caused a great ac- 
cumulation of oxalic acid, so that the percentage was increased, and the tendency 
for accumulation of reserve materials to depress the percentage total organic 
acidity in these leaves was obscured. 

The percentage organic acidity was less the higher the position on the stem. 
This is associated with known structural differences in suecessively-formed leaves, 
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INTRODUCTION, 


The various methods used for the determination of carbon monoxide in air 
and other gas mixtures have all been applied to blood. The blood gases are libera- 
ted, usually by means of acidified potassium ferricyanide and reduced pressure, the 
carbon monoxide is then determined in the gas mixture by volumetric gas analysis, 
by its reaction with palladous chloride, or with iodine pentoxide. 

The carbon monoxide in blood can also be determined directly either colori- 
metrically or spectroscopically. The colorimetric methods are only roughly quan- 
titative (Drinker, 1938). Spectroscopic methods are not generally applicable, 
since concentrations of carbon monoxide below 5 p.c. saturation of the haemoglobin 
cannot be determined. Spectrophotometric methods offer a scientifically satisfac- 
tory method of determining carbon monoxide, but the apparatus is costly. 

Among the gasometric methods there are several which are capable of esti- 


mating the carbon monoxide in one or two ¢.c. of blood when the blood is 20 p.e. 
saturated or more. 


For lower carbon monoxide concentrations proportionally larger samples are 
required if reasonable accuracy is to be attained. In the original ‘‘iodine pent- 
oxide’’ method of Tervaert (1925) 10 ¢.c. specimens of blood are employed. Pilaar 
(1929) modified the method of Tervaert using 1 ¢.c. specimens of blood and titrat- 
ing the liberated iodine with N/1000 sodium thiosulphate. This method is satis- 
factory only for fairly high concentrations of carbon monoxide. It is the purpose 
of the present paper to show that the iodine pentoxide method can be used to 
determine carbon monoxide in blood down to a concentration of 0-1 volume p.e. 
using al ¢.c. sample. Any physiologically important amount can be determined 


1 This work was carried out under a grant from the National Health and Medical Research 
Council. 
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using 0-2 ¢.c. of blood, a quantity which can readily be obtained from the finger or 
ear of the patient. 
APPARATUS. 
The whole apparatus with the exception of the aspirator is mounted on a vertical board 


45 em. high by 53 em. long. It is constructed throughout of pyrex tubing and standard ground 
glass joints. The design is such that any of the glass parts may be easily replaced in the 

















Fig. 1. 


ease of breakage. The washing bottles, reaction flask and absorption flask are constructed 


of No. 1 standard joints. In each case the gas stream enters through an internally sealed 


joint, and passes through a capillary tube to the bottom of the flask or washer. Experiments 


showed that the use of such a capillary insured good equilibration of the gas stream with the 
liquid. The four principal drying and reaction tubes are of identical construction and are 
therefore interchangeable. They consist of a pyrex tube with a No. 0 male joint at one end 


and a No. 2 female joint at the other. The overall length of these tubes is 32 em. The muffle 


for heating the iodine pentoxide tubes consists of an internal former of tin plate, covered 


with a layer of asbestos paper, over which is wound 120 feet of gauge 30 B. & S. nichrome 
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wire. This first coil is covered with another layer of asbestos paper and another similar coil 
wound over this. The outer coil is finally covered with another layer of asbestos paper. This 
muffle is placed centrally in a container also of tin plate. The space between the coils and 
the outer case is packed with asbestos. The coils are connected to three terminals on the side 
of the outer case and wired in such a way that they may be used in series or parallel, For 
warming up they are used in parallel. Warming from cold to 150° C. takes about 10 minutes. 














Fig. 2. 


For maintaining the temperature at 150° C. the coils are switched into series. In this way 
very little of the current is wasted outside the muffle without unduly long warming-up periods. 
The muffle is carried in an opening in the board into which it fits; two iodine pentoxide tubes, 
one on each side of the board, pass through holes in the lid and bottom of the muffle. A ther- 
mometer is also inserted through the lid of the muffle so that its bulb is in the centre. One 


side of the board carries a purification train, to remove carbon monoxide from the air, and 
the other side the reaction vessel, drying tubes, iodine pentoxide tube and the absorption 
flasks. The air enters the sulphuric acid washer shown at the extreme right of Fig. 1. From 
this washer it is drawn over soda lime in the next tube, and thence over iodine pentoxide 
heated to 150° C. in the muffle. This tube contains about 10-15 gm. of iodine pentoxide 
sprinkled on ignited asbestos. The next tube contains soda lime to absorb iodine liberated 
in the iodine pentoxide tube by the carbon monoxide which is normally found in laboratory 
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air. The air, free from carbon monoxide, passes along a tube through the board and into the 
bottom of the reaction flask through a tube drawn to a capillary. The reaction flask is shown 
at the right of Fig. 2. This flask is connected to the rest of the apparatus by means of two 
butt joints inside sleeves of pressure tubing. The flask itself is held on to the male joint by 
means of a wire loop underneath the lip on top of the joint. A hook on the wire loop carries 
a rubber band which is stretched over the side tube. The flask is thus held firmly in position, 
and may be shaken to one side only during the estimation. By unhooking the rubber band 
the flask may be lifted off without moving any other part of the apparatus. The other flasks 
are similarly held. The stream of air leaving the reaction flask passes through a capillary 
into a sulphuric acid bubbler as a preliminary drier, and then over barium oxide in the next 
tube as a final drier. The dry air stream then passes over the iodine pentoxide on asbestos at 
150° C., and iodine is liberated by the carbon monoxide according to the equation I,0; + 5CO 
= 5C0.+ 1,. Finally, the air stream carrying the liberated iodine passes through capillary 
tubes into two absorption flasks in series. These contain, as absorbing liquid, N/10 sodium 
hydroxide. Experiment has shown that under the conditions laid down the iodine is quan- 
titatively absorbed by N/10 sodium hydroxide in the first flask even when there are 
only a few y of iodine per litre of air. The second absorption flask is to enable this to be 
verified whenever felt desirable. Several series of determinations have been carried out in 
which a total of several hundreds of y iodine have been absorbed in the first flask, and at the 
end of the series only negligible amounts of iodine were detectable in the second flask. 


PROCEDURE. 


A blank determination is first carried out. In the reaction flask 5 ¢.c. of water 
are placed. Into each of the dry absorption vessels 2-5 ¢.c. of N/10 sodium hy- 
droxide are pipetted. The flasks are then placed in position, and one litre of air is 
aspirated through the system in one hour. After the litre of air has passed, the 
rubber tube leading to the aspirator is clipped off and, after waiting until the flow 
of bubbles in all the washers has ceased, the absorption flask is removed. The 
iodine is determined in 1 ¢.c. portions of the solution as described below. The 
total amount of iodine in the blank determination should lie between 4 and 6y; if 
this is so the determination of carbon monoxide in the specimen of blood may be 
proceeded with. 

The reaction flask is removed and a suitable quantity of blood (between 0-1 
and 1-0¢.¢.) is pipetted into the water already in the flask. 1-5 ¢.c. of 20 p.c. phos- 
photungstie acid is then pipetted quickly into the diluted blood and the liquid 
swirled round to insure complete mixing. With 1 ¢.c. of blood the mixture sets to 
a jelly in a few seconds. The flask is at onee placed in position and left for not 


less than five minutes. A suitable, accurately measured, quantity of N/10 sodium 


hydroxide is then pipetted into the absorption flask and the flask placed in its 
position. When five minutes have elapsed the reaction flask is gently shaken 
without disconnecting; this causes the jelly to break up into particles suspended 
in the liquid, through which the air stream may freely bubble. Impatience at this 
stage causes incomplete precipitation of the protein and results in frothing. One 
litre of air is drawn through in one hour. During this time the reaction flask is 
frequently shaken. The liberated iodine is then determined as described below. 
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NOTES ON THE METHOD. 


(a) Estimation of Iodine. The use of a small sample of blood necessitates the determination of 
small quantities of iodine, too small in most cases to be titrated with N/1000 sodium thiosulphate. 
he method of determining iodine given below is a modification of the method of Kolthoff and 
Sandell (1937). This method determines iodide ion and therefore the liberated iodine cannot be 
absorbed in potassium iodide solution. Experiment has shown that the method also deter- 
mines satisfactorily iodine as iodide-hypoiodite mixture obtained by dissolving iodine in 
eold sodium hydroxide solution. The liberated iodine is accordingly absorbed in N/10 
sodium hydroxide solution. 


Solutions required: (1) 0-001 N sodium thiosulphate solution, freshly prepared by quan- 
titative dilution of standardized 0-1 N solution, 

(2) Approximately 0-001 N iodine solution. This is prepared by warming iodine crystals 
in distilled water to about 50° C. and stirring. The solution is filtered to insure absence of 
any solid pzrticles of iodine. 

(3) N/10 arsenious acid solution, made by dissolving pure arsenious oxide in N/1 sodium 
hydroxide, making just acid with sulphuric acid and diluting to the necessary volume. 

(4) N/20 ceric sulphate solution, made by dissolving ceric sulphate in 4N sulphurie acid. 
With most samples of ceric sulphate this requires considerably (20-30 p.c.) more than the 
theoretical quantity, due probably to the presence of some cerous sulphate. 

(5) M/400 ortho-phenanthroline ferrous sulphate. This substance is now available com- 
mercially in U.S.A. 

(6) N/500 potassium iodide solution. 

The iodine solution is standardized against the thiosulphate solution. This titration 
should be done by titrating the iodine solution into a measured volume of thiosulphate solu- 
tion in the presence of potassium iodide with starch as indicator. If the titration be carried 


out in this direction, instead of the reverse direction, the end point is much sharper and the 


blank determination much smaller, about 0-3 ¢.c. as against 1-0 ¢.c. or more in a titre of 20 ¢.c. 
Cox (1935) found the most suitable quantity of potassium iodide to add was 0-25 ¢.c. of N/5 
per 20 c.c. of solution. As soon as the standardization of the iodine solution is completed a 
series of solutions of iodine in sodium hydroxide should be prepared. It is important that this 
be done immediately after the standardization, since a tolution of iodine in water rapidly 
loses strength, even when kept in a glass-stoppered bottle. This may be done by running 
from the burette—which already contains the iodine solution used for the standardization 
—the necessary volume of the solution of iodine into a 100 ¢.c. volumetric flask half full of 
N/10 sodium hydroxide. The volume is then made up to 100 ¢.c. with more N/10 sodium 
hydroxide. A series of these solutions containing between 1-0y and 5-0y of iodine per c.c. 
in steps of about 0-5y should be prepared. These solutions when once prepared may be kept 
for several weeks without any appreciable loss of iodine. The arsenious acid and ceric sul- 
phate solutions must be standardized one against the other to insure that the ceric sulphate 
is close to one-half the normality of the arsenious acid. The titration may be conveniently 
carried out with a micro-burette in order to conserve reagents. One c.c. of arsenious acid 
solution is pipetted out and 1 ¢.c. of N/500 potassium iodide solution, 1 ¢.c. of 4N sulphuric 
acid, and two drops of 1 p.c. diphenylamine in concentrated sulphuric acid are added. The 
arsenious acid is then titrated with the ceric sulphate solution, the end point being indicated 
by the permanent purple colour of diphenylamine in the presence of excess ceric ions. If the 
ceric sulphate is not within 1 p.c. of one-half the strength of the arsenious acid one or the 
other solution must be diluted until this condition is fulfilled. To calibrate the solutions the 
reagents must first be tested. 2 ¢.c. of ceric sulphate and 2 ¢.c. of arsenious acid and three 





49 DAVID E. BLAND 


drops of orthophenanthroline ferrous sulphate solution are mixed. This may conveniently be 
done in test tubes. The yellow colour of the ceric ions should persist for at least twenty-four 
hours. It may persist for over a week. To carry out the standardization the reagents are 
mixed as above and placed in a water bath at 20° C. until the solutions have attained that 
temperature. One c.c. of one of the solutions of iodine in sodium hydroxide is added, and 
with a stop-watch the time is noted which elapses between the addition of the iodine solution 
and the appearance of the first pink colour. The time of starting the stop-watch is more or 


Time - Seconds 


a 








‘0 
Y of Todine. 


Fig. 3. 


less arbitrary, but it may conveniently be started at the time the pipette empties; the solution 
is then given a shake to insure complete mixing, and allowed to stand in the water bath until 
the reaction is completed and the pink colour appears. This is carried out two or three times 
for each concentration of iodine, and a graph of concentration of iodine against time is 
prepared. The determination is carried out by measuring the time of fading of unknown 
quantities of iodine and reading off on the graph the amount corresponding to the observed 
time. <A typical calibration curve is shown in Fig. 3. 

It frequently happens that the concentration of iodine in the assay solution is outside the 
range covered by the standardization curve. In this case it is necessary to dilute the solution 
to a suitable concentration. This may be done by pipetting out a definite volume of the 
solution and diluting quantitatively outside the flask, or sometimes by diluting to a 10 ¢.c. 
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mark on the neck of the flask. If it is necessary to determine smaller concentrations than 
covered by the curve the sensitivity may be doubled simply by taking 2 c¢.c. of the assay 
solution and using 1 ¢.c. of N/5 arsenious acid instead of 2 ¢.c. of N/10. 

In the original publication of Kolthoff and Sandell (1932) the statement is made that 
the time of fading (S) is inversely proportional to the amount of iodine added. In this case 
the product yS would be a constant. The above statement may be true for some samples of 
ceric sulphate but it is not true for all samples of the ‘‘pure’’ salt. It was found for samples 
tested that the expression (7—1)S was nearer to constant. This seems to indicate that about 
ly of iodine is deactivated by some impurity present in the reagents. Evidence was obtained 
that this impurity is located in the ceric sulphate and not in the other reagents. It is outside 
the scope of the present paper to discuss this evidence. Since the rule of inverse proportion- 
ality of time of fading and concentration of iodine cannot be relied upon for many samples 
of the reagents used, it is necessary to construct a calibration curve as described above. 

(b) It is well known that before an iodine pentoxide tube can be used for estimation of 
carbon monoxide it must be dehydrated by heating to 200°-220° C. and passing a stream of 
dry air over it. Also, subsequent to this dehydration, water vapour entering the iodine pent- 
oxide tube with the gas will liberate iodine. If the system is purged at 220° for several 
hours, and the temperature then allowed to drop to 140-150° C., on drawing a litre of air 
through the system a zero blank can be obtained. For estimation of carbon monoxide in 
blood it has been found undesirable to reduce the blank to zero. If this is done it will be 
found that after an estimation the blank is no longer zero but 4-57. This is probably due to 
some water vapour passing the drying agents and liberating iodine. To eliminate this diffi- 
culty the iodine pentoxide should be conditioned under the actual conditions of the experi- 
ment. The system may be purged at 220° C. for an hour or so to dehydrate the iodine pent- 
oxide. The temperature should then be dropped to the working temperature, and with 5 c.c. 
of water in the reaction flask, the purging continued until the blanks become consistent. 
Under these conditions the blank has invariably assumed a value of 4-5y, frequently 4-87 
per litre of air aspirated through the system. With the apparatus correctly mounted con- 
sistent blanks should be obtained after 48 hours’ preliminary conditioning. When the iodine 
pentoxide has been thus conditioned the apparatus is ready for carrying out determinations. 

(¢) The use of potassium ferricyanide to decompose the carbonyl haemoglobin, and of 
octyl aleohol to prevent frothing, leads after a few determinations to the colouring of the 
sulphuric acid in the first dryer and to iodine being liberated in the absence of carbon mon- 
oxide. Presumably this is the reason for the use of a complex purification train in the method 
of Herrmannsen and Knipping (1932). A search was made for a reagent which could be used 
to liberate carbon monoxide and which would itself prevent frothing. Such a reagent is 
20 p.c. phosphotungstice acid in 5 p.c. sulphuric acid. 

The phosphotungstic acid solution must be run into the diluted blood, and not vice 
versa. If blood be dropped into a phosphotungstic solution a pellicle of precipitate tends to 
form round each drop and prevent further reaction. 

(d) The rate at which the air is drawn through the system is important; if it is increased 
much above the rate quoted above, larger quantities of iodine are liberated in the absence 
of carbon monoxide. Probably this is due to water vapour slipping past the drying agents. 


TESTS OF METHOD. 


The determination of small known amounts of carbon monoxide was carried 


out as follows : The reaction flask of the apparatus was replaced by a gas-measuring 
pipette shown in Fig. 4. When the three-way tap is in the appropriate position the 
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purified air from the purification side enters at A and leaves at B to enter the 
sulphuric acid drier. The tube C has been calibrated by running in mereury from 
a micro-burette. D communicates with an aspirator containing a mixture of car- 
bon monoxide and air which has been analysed by a macro method. Connected to © 


B 











LZ 








Fig. 4. 


isa mercury levelling tube. By opening the tap E and lowering the mercury, some 
of the gas mixture may be drawn into C; then by closing E and connecting C and 
B a known volume of the mixture can be drawn into the apparatus. The skew bore 
tap is then turned so that the air stream continues to flow and carries the gas mix- 
ture with it. The carbon monoxi'e thus introduced was determined by the iodine 
liberated, as described above. The volume of this carbon monoxide at 0° C. and 
760 mm. was calculated from the known composition of the gas and its temperature, 
pressure and volume. The results are shown in Table 1. 


TABLE 1. 


> 
Carbon Monoxide, 0° C., 760 mm. 
C.e. caleulated. C.e. found. 
0-059 0-057 
0-030 0-025 
0-0156 0-0162 
00-0159 0-0164 


0-0159 0-0156 
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Specimens of blood containing various percentages of carbon monoxide were 
prepared as follows: Guinea-pig blood was saturated with carbon monoxide and 
analysed by the method described. Fresh blood was also analysed for carbon 
monoxide. Fresh and saturated bloods were then mixed in various proportions. 
Carbon monoxide was determined in these mixtures and the experimentally deter- 
mined percentage compared with the calculated percentage. The results are shown 


. 


in Table 2. 


TABLE 2. 


Caleulated Found 

Volumes p.c. Volumes p.c. 
2-18 2-32 
2-00 1-93 
1-78 1-68 
1-00 0-97 
1-00 1-06 
0-89 0-94 
0-66 0-77 
0-48 0-55 
0-00* 0-00 
0-00* 0-06 
0-00* —0-02 


* These samples were prepared by repeated equilibration of fresh blood with oxygen free from 
carbon monoxide, 


THE CARBON MONOXIDE CONTENT OF NORMAL BLOOD. 


Grehant (1894) noted the presence of a small proportion of a combustible gas 
in normal blood. Desgrez and Nicloux (1897) confirmed this observation and 
came to the conclusion that the gas was carbon monoxide. Nicloux (1898) demon- 
strated the presence of carbon monoxide in the blood of dogs living in Paris, in the 
country and isolated at sea. 

Tervaert (1925) found in fresh horse blood percentages of carbon monoxide 
from 0-09 to 0-69. He attributed this to the air in the stables. 

Gettler and Mattice (1933) determined the carbon monoxide in the blood of 
persons living in New York, and in the country. Of eighteen persons living in 
New York the average amount was 0-27 volumes p.c.; of twelve persons living in 
the country 0-24 volumes p.c. New York street-cleaners on coming off duty 
showed an average of 0-69 volumes p.c. of carbon monoxide. 

In the present experiments carbon monoxide was determined in the blood of 
laboratory animals. All of these showed traces of the gas. Tests were also made 
on the blood of persons living in Melbourne and not exposed to any obvious source 


of carbon monoxide other than the city air. The results of these tests are shown 
in Table 3. The lowest value obtained was 0-12 volumes p.e. 
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TABLE 3. 
Carbon Monoxide Content of Normal Blood. 


Volumes p.c. 


Rabbit. Guinea-pig. Human (non-smokers). 
A. 0°15 A. 0-20 A. 0-18 
B. 0°15 B. 0-16 B. 0-20 
C. 0°15 C. 0-23 
D. 0-12 D. 0-19 
E. 0-20 


In order to test if this carbon monoxide really exists in the blood and is not 
produced during the extraction of the gases, the following experiment was carried 
out: 

5 ¢.e. of citrated guinea-pig’s blood were placed in a 250 ¢.c. round-bottom flask. The 
flask was fitted with a rubber stopper through which passed two glass tubes, one of which 
reached almost to the bottom of the flask, the other projected just through the stopper. On 
the outside, rubber tubes with screw clips were connected to the glass tubes. This flask was 
connected between the aspirator and the iodine pentoxide apparatus. Commercial oxygen 
from a cylinder was passed through the iodine pentoxide apparatus and the oxygen thus freed 
from carbon monoxide was drawn through the flask containing the blood. A litre of oxygen 
was drawn through, the screw clips closed, the flask disconnected from the apparatus, and 
rotated for half-an-hour. The oxygen was changed and the equilibration repeated five times. 
The carbon monoxide in this blood was then determined. Three specimens of blood were thus 
treated. The average carbon monoxide content before equilibration was 0-16 volumes p.c.; 


9° 


after equilibration 0-01 volumes p.c. The individual results are shown in Table 2. 


Carbon monoxide was determined in the blood of smokers and also of four 
traffic policemen after they had been on duty for some hours. Results are shown 
in Table 4. 


TABLE 4. 


Smokers. 


Volumes p.c. 


Subject. Remarks. Carbon Monoxide. 

A. Smokes occasionally. Sample taken immediately after smoking two 

cigarettes 0-28 

3. Taken in morning before smoking 0°33 

3. Directly after inhaling a cigarette 0°53 

c. Smokes 20 to 30 cigarettes per day. Bled at 2 p.m. 0°65 

D. Smokes 20 to 30 cigarettes per day. Bled at 2 p.m. 0°77 

E. Smokes 20 to 30 cigarettes per day. Bled at 2 p.m. 0°75 


Traffic Policemen. 


F. On duty 9 a.m. to 2 p.m. Smoked two cigarettes during morning 0°72 
G. On duty 7 a.m.to2 p.m. Smoked twelve cigarettes during morning 0-69 
H. On duty 7 a.m. to 2 p.m. Smoked three cigarettes during morning 0°29 


I. On duty 7 a.m. to2 p.m. Is a non-smoker 0-33 
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THE PRODUCTION OF CARBON MONOXIDE IN THE CENTRAL 
NERVOUS SYSTEM. 


Rathery ef al. (1932) working with anaesthetized dogs found, in the efferent 
veins of the central nervous system, a higher concentration of carbon monoxide 
than in arterial blood, or venous blood generally. They claim that total destrue- 
tion of the central nervous system lowers the carbon monoxide concentration of 
the blood. 

From this evidence they concluded that the central nervous system is the prin- 
cipal source of carbon monoxide in the blood. Owing to the small specimen re- 
quired for the method already described in this paper it seemed appropriate to 
re-examine this aspect of the subject. 

Determinations of carbon monoxide in guinea-pig’s brain were carried out. 
The brains were removed from the anaesthetized animals and washed free from 
blood with warmed Ringer solution. In one ease the determination was carried 
out immediately, in others the brain tissue was kept for a number of hours covered 
with Ringer solution at 37° C. The tissue suspended in Ringer solution was placed 
in the reaction flask of the apparatus and the air stream bubbled through as in the 
determinations on blood. As shown in Table 5 no significant production of carbon 
monoxide occurred under those conditions. 


TABLE 5. 


Approximate 
Weight of Carbon-M6noxide 
Specimen. Specimen. Treatment. Detected. c¢.c. 

A 1gm. Macerated in Ringer solution. Placed in reaction 0-000, 
flask with 1 ¢.c. phosphotungstic acid. Estimation 
commenced immediately. 

B 3 gm. Chopped up with scissors, kept 5 hours in Ringer 0-000; 
at 37°C., then transferred to reaction flask. 

Cc 3 gm. Chopped up with scissors, kept 3 hours in Ringer 0-000, 


at 37°C., then transferred to reaction flask with 
1 ¢.c. phosphotungstie acid. 


CARBON MONOXIDE IN AIR. 


Using the method of determining iodine already described it is possible to 
determine traces of carbon monoxide in 500 ¢.c. samples of air. The accuracy 
attainable is not so great as is possible using 20 litres of air and titrating the libera- 
ted iodine, but 500 ¢.c. samples are much more convenient to take and to manipu- 
late. The apparatus was suitably modified for carrying out determinations of 
carbon monoxide in air by replacing the reaction flask with the bottle containing 
the air sample. A number of determinations were carried out with the object of 
determining the least amount of carbon monoxide normally occurring in the air 
of Melbourne. Samples were consequently taken at points removed from the 
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immediate vicinity of any source of carbon monoxide. The results expressed in 


parts per million were as follows: 
17, 12, 12, 12, 15. 


Two samples taken in the country away from any town gave 12 and 15 p.p.m. 
DISCUSSION. 


From the figures quoted above it is seen that we are constantly breathing air 
containing at least ten parts per million of carbon monoxide. 

Is this amount sufficient to account for the carbon monoxide found in normal 
blood ? 

Killick (1936) found values of K in the equation 


pcoO _ p.c. HbCO 


¢ oa om 
p O2 p.c. HbO. 


of 233, 246, 272, 240 for four individuals. If we assume a value of 250 for this 
constant, and an oxygen capacity of 20 volumes p.c. for blood, 14 parts per million 
of carbon monoxide in the air would correspond to 0-35 volumes p.e. in blood, 
instead of the 0-2 volumes p.c. or less usually present in the blood of non-smokers. 

Killick has shown that for higher concentrations of carbon monoxide pro- 
longed exposure ieads to acclimatization, i.e. the blood becomes less saturated with 
carbon monoxide than would be predicted from the above relationship. There is 
no evidence to show whether or not acclimatization occurs to traces of the gas, 
consequentiy it cannot be stated whether the amounts found in air and blood 
correspond. 

lf the central nervous system were the principal source of carbon monoxide 
in the blood we would expect to find at least as much of this substance in the brain 
as in the blood of an animal. The figures quoted in Table 5 show that no significant 
amount of carbon monoxide was present in the brain or produced by brain tissue 
on standing in Ringer solution. 

Thus no direct evidence was obtained of the production of carbon monoxide 
by the central nervous system. 


SUMMARY. 


1. A method is described whereby traces of carbon monoxide may be deter- 
mined using 1 ¢.c. specimens of blood. Physiologically important amounts of 
carbon monoxide may be determined in 0-2 ¢.e. specimens. 

2. Normal blood contains 0-1—0-2 volumes p.c. carbon monoxide. 

3. Smoking appreciably increases the carbon monoxide content of the blood. 

4. Melbourne air contains sufficient carbon monoxide to account for the quan- 
tities found in normal blood. 
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5. Excised guinea-pig brain did not produce carbon monoxide when kept in 
warm Ringer soiution. Thus no direct confirmation of the theory of Rathery et al. 
could be obtained. 
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INFLUENZA VIRUS STRAINS ISOLATED FROM 
THE MELBOURNE 1939 EPIDEMIC 


by 


F. M. BURNET anp DORA LUSH! 


(From the Walter and Eliza Hall Institute, Melbourne). 
(Submitted for publication 4th November, 1939.) 


A typical epidemic of mild influenza occurred in Melbourne during June and 
July, 1939. Some notes in regard to its clinical and epidemiological features are 
given in a paper by Burnet, Cade and Lush (1939). Here it need only be stated 
that the cases conformed to the description of epidemic influenza given by Stuart- 
Harris et al, (1938), and that the epidemic had the characteristic short duration 
and wide incidence of true influenza. No difficulty was experienced in isolating 
strains by the classical method of ferret inoculation followed by two or three fur- 
ther passages through ferrets before commencing mouse passage. 

Some attempts were made to isolate strains of virus by direct inoculation of 
filtrates of human throat washings in mice and on the chorioallantois. These were 
taken for five to eight passages without lesions being observed and with loss of 
pathogenicity for ferrets. This failure to confirm the results of Francis and 
Magill (1937) may be related to the fact that the primary ferret infections were 
of mild character. Most of the inoculated ferrets showed only a single spike of 
temperature, usually at 48 hours after infection, but on three occasions delayed 
until the third day. 

The following strains were isolated : 

1. ‘‘Bundoora’’ from pooled washings of four patients in the acute simul- 
taneous outbreak at Bundoora Mental Hospital (Burnet, Cade and Lush, 1939). 
Ferret reactions were weak, both the primarily inoculated ferrets showing a single 
peak of temperature on the third day. A mouse strain was started from the second 
ferret passage, and after two passages gave areas of consolidation in the lungs. By 
the seventh passage stock virus of this strain gave 2+ to 3+ lesions at a dilution 
of 1:100. Attempts to initiate an egg passage strain were made (1) with the 
original filtrate of human material, (2) with turbinate emulsion from third ferret 
passage. Both attempts failed, subinoculations of sixth and fifth egg passages re- 
spectively to ferrets provoking no symptoms and giving no immunity to a subse- 
quent inoculation of mouse-passage Bundoora virus. A third series was begun 





1 Work carried out under grants for research on virus diseases from the National Health 
and Medical Research Council and from Mr. E. Alec Cato, 
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from a filtrate of eighth passage mouse lung. This has been carried for twenty 
passages at three-day intervals on the chorioallantois with retention of mouse 
pathogenicity, and is now showing definite focal lesions on the egg membrane. 

2. ‘‘R’’ from throat washings of a typical case in a member of the hospital 
staff. The ferret reactions were more marked than with the previous strain, and a 
mouse strain was initiated without difficulty. As with ‘‘Bundoora’’ no success 
was obtained in an attempt to initiate an egg passage strain from human or ferret 
material. The mouse-adapted strain, however, is at present being transferred in 
eggs, and is retaining its pathogenicity for mice. 

3. Strain ‘‘H’’ from pooled throat washings of two members of a family with 
simultaneous infection. Ferret reactions were of the one spike type, and one of 
the six ferrets inoculated (three passages) showed a three-day incubation period. 
No difficulty was experienced in adapting the strain to mice by three-day passage 
from the third ferret passage. 

4. Strain ‘‘W’’ from throat washings of a member of the Institute staff with 
typical fairly severe illness. Ferrets all showed two-day ineubation periods and 
single spike temperature curves, The virus was readily adapted to mice. 


Serological Reactions of Local Strains. 


In view of the demonstration by Smith and Andrewes (1938) and ourselves 
(Burnet, 1937) that influenza viruses could be divided into fairly distinet sero- 
logical groups by a study of the action of ferret immune sera, it seemed important 
to study the strains obtained this year along the same lines. Wilson Smith and 
Andrewes (1938) had made the rather surprising discovery that quite different 
types of virus could be obtained from what appeared epidemiologically to be a 
single epidemic. Our own much smaller material from the present epidemic con- 
firms this finding, the four strains falling into two distinet groups. 

The first indication that there were differences amongst these four strains was 
obtained in titrating the sera obtained from ferrets receiving original or early fer- 
ret passage material against ‘‘Melbourne’’ and ‘‘W.S.’’ egg-adapted strains on 
the chorioallantois. In previous work (Burnet, 1937) we had regarded these two 
strains as types of the two major divisions of influenza viruses, and had ealled the 
group typified by ‘‘W.S.’’ (and so far isolated only in Europe) Old World strains, 
while the other group, including strains from America and Australia, were termed 
New World strains. The work of Francis and Magill (1938) and of Smith and 
Andrewes (1938) has cast considerable doubt on the validity of our division into 
two groups, and the term New World is certainly a misnomer, as the majority of 
English 1937 strains fell into that group. Nevertheless, for reasons which will be 
advanced in the discussion to this paper, we still consider that such a broad two- 
fold division exists, and that the first step in classifying unknown strains is to 
compare them with the two types ‘‘ Melbourne’’ and ‘‘W.S.’’. Table 1 shows the 
activity of ferret sera against the well-adapted ‘‘Melbourne”’ and ‘‘W.S.’’ egg 
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strains on the chorioallantois. It will be seen that all the sera have an insignificant 
effect on ‘* W.S.’’: they all inactivate ‘‘Melbourne’’, but two are very much more 
active than the others. All the strains would therefore fall into our ‘*‘ New World’’ 
group, and further work has been almost confined to comparison of the strains 
amongst themselves and with the strains ‘‘ Melbourne’’, ‘‘Tal.’’ and ‘‘Chr.’’, all 
of which fall in the New World group. 


TABLE 1. 


Activity of Ferret Sera against Egg-adapted Virus of ‘*‘ Melbourne’’ and ** W.S.”’ 


Strains. 
Percentage of foci obtained with serum virus mixtures against : 
Ferret. Strain. **Melbourne’’ Egg Virus. ‘*W.S.’? Egg Virus. 
p.c. p-c. 
88 ** Bundoora ’’ 0-05 1-0 
97 sie! uh 0-002 1-6 
98 om? 0-03 2-6 
115 sow”? 0-00035 2°5 


For technique of neutralization tests on the chorioallantois see Burnet, Keogh and Lush 
(1937). The smaller the percentage of ‘‘surviving”’ foci the greater is the activity of the serum 
against the strain in question. 

Neutralization tests in mice were carried out along standard lines, serial five- 
fold dilutions of serum being mixed with undiluted stoek virus, left for an hour in 
the refrigerator, and each mixture then inoculated intranasally to three mice. The 
mice were killed at six (sometimes seven) days, and the degree of lung consolida- 
tion recorded in the conventional fashion. The end point has been taken as the 
serum dilution which, mixed with undiluted virus, gives an average 2+ lesion, 
i.e. one showing more than one-sixth but less than one-half of the visible lung area 
consolidated. 


ae 


Table 2 shows the behaviour in detail of sera tested against ‘‘ Melbourne’’ 


virus with the values deduced for the sera concerned. 


TABLE 2. 


Activity of Representative Ferret Sera against ‘‘ Melbourne’’ (Mouse) Virus. 


P.c. of 
Serum dilutions Serum homologous 

Serum. Type. i:Z 1: 10 1: 50 titres. serum. 
F.88 **Bundoora’’ £2 45, 47, 3+ 43, 44, 45 1 5 
F.97 “a 0, 0, 0 1, 0, 0 45,2, 2 40 200 
F.98 ear? 3, 3, 3 43, 45, 46 43, 44, 44 1— 3 
F.115 re «3 6 x , 100 500 
F.83 **Melbourne’’ 0, 0, 0 ae 44, 45, 3 20 100 
F.110 **Bundoora’’M. 0, 0, 0 2,1, 1 3+, 3+, 3 25 125 
F.111 ee 0, 0, 0 1, 0, 0 2. 2. 3 50 250 


Control virus, 1: 1,000: 45, 45, 47 


The degrees of lung consolidation are shown by the usual convention: 
4 = complete consolidation with death on day shown by index figure. 
3+, 3, 2,1 = diminishing degrees of consolidation, 2 representing 4-14 visible 
area of lung consolidated. 
0 = no areas of consolidation. 
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Other ferrets inoculated with the same strains gave similar results. The chief 
feature of the Table is again the differentiation of the ferret sera into those strongly 
active against ‘‘ Melbourne’’ virus and those with very little activity. 

When ‘‘Bundoora’’, ‘*R’’ and ‘‘W”’ strains had reached a satisfactory de- 
gree of mouse virulence they were also used to test the activity of the same ferret 
sera. In order to render the Table simpler, only the serum titres in terms of percen- 
tage of homologous serum titre are shown, derived from the data in the same way 
as those in Table 1. 


TABLE 3. 


Cross Neutralization Tests of Immune Ferre’ Sera corresponding to recently 
isolated local Strains of Virus and the Stock Strains **W.S.’’ and ‘* Melbourne’ 


Virus. 
Serum. Type. **Melbourne’’ ‘‘Bundoora’’  ‘*R’’ =a i 


F.82 ors. *? 6 15 3 6 100 


F.83 **Melbourne’’ 100 15 30 1: 


F.88 ** Bundoora’? 5 100 


<0-: 
F.98 “om? 3 80 


<0-2 
F.111 ** Bundoora’’ M. 250 300 40 67 1: 


F'.97 “<—* 200 200 100 100 <0- 
F.115 —- 500 300 133 100 <0- 


» 
» 


In each vertical column is shown the activity of the different sera against one virus strain; 
this activity is expressed as percentage of the activity of the homologous immune serum. 


Natural Infection of a Ferret with Influenza Outside the Laboratory. 


A young ferret (F. 119) less than a year old was inoculated in September, 
1939, with mouse passage virus of strain ‘‘H’’. It showed no temperature response 
or symptoms, and a small amount of blood was taken from the tail on the fourth 
day after inoculation. <A test on the chorioallantois showed antibody to be present, 
and the animal was bled out on the seventh day. The serum showed the following 
titres on the chorioallantois : Against ‘* Melbourne’’, 0-0036 p.c.; against ‘*W.S.’’, 
0-06 p.c. In mice the results indicated that the activity against ‘‘ Melbourne’’ was 
50 p.e. of that of the homologous serum, and against ‘‘W.S.’’ 16 p.c. of that of the 
standard ‘‘ W.S.’’ serum. 

This ferret’s previous history could not be traced beyond the immediate sup- 
plier, who had bought it in the market a few weeks previously. It was inoculated 
within a day or two of being received in the laboratory, and the possibility of in- 
fection within the laboratory can also be excluded from the nature of its serum 
reactions. ‘Taking the age of the animal into account, the only possible interpre- 
tation is that it was naturally infected by one of the current strains of the 1939 
epidemic. It is of particular interest that the infecting strain seems to have been 
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one of the ‘‘master-strains’’ of Smith and Andrewes (1938) containing a much 
greater ‘‘W.S.’’ component than any of the strains we isolated. 


DISCUSSION. 


The most important feature of these results is their confirmation of the finding 
of Smith and Andrewes (1938) that what appears to be a homogeneous epidemic 
of influenza may be due to several antigenically differentiable strains of virus. 
if we take the simplest criterion for differentiation, the power of immune ferret 
sera to inactivate the standard strains ‘*‘Melbourne’’ and ‘‘W.S.’’, three dis- 
tinct types can be recognized from our epidemic: (1) ‘‘Bundoora’’ and ‘‘H”’, 
(2) **R’’ and ‘‘W”’ and (3) the strain responsible for natural infeetion of ferret 
119. Like the great majority of the strains isolated in England in 1937, and in all 
the American epidemics which have been studied, all our strains are much more 
closely related to ‘*‘Melbourne’’ than to ‘‘ W.S.’’ 

A more detailed study of the strains, the results of which are summarized in 
Table 2, has raised a number of difficulties. Taking ‘‘ Bundoora’”’ as representative 
of our first group, we find that the corresponding serum is almost inactive against 
‘*Melbourne’’ virus; a second group (‘‘R’’) serum, however, is highly active 
against ‘‘Melbourne’’. If the reactions were symmetrical, one should expect that 
‘*Bundoora’’ serum should fail to inactivate ‘‘R’’ virus, yet in fact it is just as 
active as a ‘‘Melbourne’’ immune serum. A further complication arises from the 
fact that after ‘‘ Bundoora’’ was adapted to mice two ferrets inoculated with the 
mouse virus, F. 110 and F. 111, gave sera which were fully active in neutralizing 
** Melbourne’’ virus (see Table 2). The possibility that in the course of adaptation 
to mice *‘ Bundoora’’ was contaminated with either ‘‘Melbourne’’ or ‘‘R’’ ean, we 
think, be eliminated with certainty. It is still much less active than ‘‘ Melbourne’”’ 
as a lethal agent for mice, and it is not so readily neutralized by all sera of the 
vroup as is the strain ‘‘R’’ 

As far as we can see there is no possibility of representing the various re- 
actions in terms of antigen mosaics, and it is hard to see any useful alternative 
method of co-ordinating the results. A probable parallel to the change which we 
have observed with ‘‘ Bundoora’’ virus is to be found in our results with the strains 
‘*Tal.’’ and ‘*Chr.’’ of Smith and Andrewes (1938). We received these from Dr. 
C. H. Andrewes in the form of dried mouse lung. Ferret sera were prepared and 
‘‘Melbourne’’. According to the English 
workers, ‘‘Tal.’’ and ‘‘Chr.’’ are two specific strains, while ‘‘Melbourne’’, like 
‘*P.E.8"’, is a complex strain containing both ‘*Tal.’’ and ‘‘Chr.’’ components. 
In our hands, ‘‘Tal.’’, ‘‘Chr.’’ and ‘‘Melbourne’’ are immunologically indistin- 
guishable. This discrepancy between the two sets of results is easily explicable if 
‘*'Tal.’’ and ‘‘Chr.’’ in early ferret passage were highly specific, but on adaptation 
to mice took on, like ‘‘ Bundoora’’, a new less specific antigenic structure and be- 
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came indistinguishable from ‘‘Melbourne’’. It is probably also significant that 
all the American strains received in Hampstead, presumably as mouse virus, fall 
into the intermediate group of Smith and Andrewes. 

A point of some interest in regard to the serum of Ferret 111 (infected with 
mouse-adapted ‘‘ Bundoora”’ strain) is its development of an appreciably greater 
power to inactivate *‘ W.S.’’ While all the other sera of the group showed no power 
to inactivate mouse virus diluted 1:10, the mice inoculated with mixtures of a 
serum F111 and virus 1:10 all survived with lesions of 2+ average intensity. 
This is equivalent to about 1 p.c. of the activity of the homologous ‘* W.S.’’ serum 
used as standard, and is almost exactly the same as the activity of serum F.83 
(‘*Melbourne’’) against ‘*W.S.’’ On the chorioallantois the eount with ‘‘W.S.”’ 
egg virus was reduced by F.111 to 0-04 p.c. of the control. This activity is con- 
siderably greater than that of any of the sera shown in Table 1. 

Our present point of view is that the specific types described by Smith and 
Andrewes are not all of equal status, and that on mouse passage nearly all strains 
tend to converge in character toward the two types which we deseribed in 1937 as 
Uld World with ‘‘W.S.”’ as type strain, and New World with ‘‘ Melbourne”’ or 
‘*P.R.8”’ as type. It is possible that ‘*Gat.’’ is also a stable type, but apparently 
Bun- 


se 


a very rare one. The simplest interpretation of our results is that strains 
doora’’ and ‘‘H’’ were initially of one of Smith and Andrewes’ specific types, 
either ‘‘Tal.’’ or ‘‘Chr.’’, but developed intermediate characteristics on mouse 
passage, that ‘‘R.’’ and ‘‘W.’’ were originally and have remained essentially of 
intermediate type, while the strain infecting Ferret 119 was similar to the 


se 


master 
strains’’ described by the English workers. On this view all our strains could be 
readily matched with strains isolated in England in 1936-37. 

The epidemiological implications of this existence of multiple strains in a 
single epidemic seem to be of some importance. We feel confident that no recog- 
nizable epidemic of influenza occurred in Melbourne between June and July, 1935, 
and the onset of the 1939 epidemic. In all probability, therefore, the virus of the 


present epidemic reached Australia from overseas and did not arise by activation 


of local endemic strains. It seems quite impossible that all three antigenic vari- 
eties were imported from Europe or elsewhere and all became active in Australia 
at the same time. Unless this occurred, we are forced to assume that in such epi- 
demics as the English one of 1936-37 and the Victorian one of 1939 a single strain 
of virus may, during its widespread dissemination and multiplication, give rise 
to numerous minor antigenic variants. It would be a natural extension of this 
idea to believe that in pandemic periods even wider variation might result, and 
that in this way a reasonable explanation of the multiple waves in such a pan- 
demic as that of 1918-19 may be obtained. 
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SUMMARY. 


From the influenza epidemic in Melbourne during June—July, 1939, four 


strains of virus were isolated and serologically studied. Two types, each contain- 


ing two strains, could be identified. The existence of a third type is deduced from 
the serum antibody in a ferret which was apparently infected spontaneously dur- 
ing the epidemic. All three types could be readily matched amongst those de- 
scribed by Smith and Andrewes from the 1936-37 English epidemic. Evidence 
is given that some at least of the specific types may change on mouse passage to 
less specific ‘‘intermediate’’ forms. 
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INFECTIOUS MYXOMA AND THE EXPERIMENTAL 
CHOLESTEROL-ATHEROMATOSIS OF THE RABBIT 


by 
HANS THIERSCH! 


(From the Institute of Medical and Veterinary Science, Adelaide, South 
Australia). 


(Submitted for publication 6th November, 1939.) 


In 1937 Hurst deseribed lesions of the reticulo-endothelial system and smaller 
vessels resulting from infection of the rabbit with the virus of infectious myxoma. 
He emphasized particularly hyperplasia, proliferation, degeneration and necrosis 
of the endothelium of the smaller vessels of the skin, spleen, liver, lung and lymph 
nodules. The description of these lesions influenced me to combine experimental 
cholesterol-atheromatosis with infectious myxoma in order to study their relative 
behaviour. For this purpose the following two experiments were conducted. 


Experiment 1. 


Group A, Rabbits were fed for a short period with small doses of cholesterol 
(4 em. of cholesterol dissolved in 50 ¢.c. of olive oil given to each animal in equal 
fractions over a period of ten days) which, under normal circumstances, would 
not be expected to cause atheromatosis (Duff, 1935). Subsequently the animals 
were infected with myxoma virus by the intravenous route, and at death were ex- 
amined for lesions. 

Group B. Control rabbits were fed in exactly the same way as Group A, but 
were not infected with the virus. 

Group C. Control rabbits were fed with the same amount of oil as Group A, 
but without cholesterol. Subsequently they were infected with the virus as in 
Group A. 


Experiment 2. 


Group AA. Rabbits were fed for a long period with such a large quantity of 
cholesterol (48 gm. of cholesterol dissolved in 480 ¢.c. of olive oil given to each 
animal in equal fractions over a period of 120 days) that under normal cireum- 
stances marked atheromatosis could be expected (Thiersch, 1936). Subsequently 
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the animals were infected with myxoma virus, and at death were examined for 
lesions. 

Group BB. Control rabbits were fed in exactly the same way as Group AA, 
but were not infected with the virus. 

Group CC. Control rabbits were fed with the same amount of oil as Group 
AA, but without cholesterol. Subsequently they were infected with the virus as 
in Group AA. 


TECHNIQUE. 


The experimental animals were wild rabbits (Oryctolagus cuniculus), weighing about 2 kg. 
In the first experiment the cholesterol-oil mixture was administered by stomach tube but in the 
second the animals were trained to eat the mixture with bran from a special dish before receiving 
their ordinary feed. Blood cholesterol was estimated by the method of Day and Bollinger (1930). 

To produce myxomatosis I used a fresh 10 p.c. suspension of virus containing tissue obtained 
by testicular passage, 1 ¢.c. of this suspension being injected in the ear vein of each animal. When 
moribund, the rabbits were killed by air embolism. 

The organs were fixed in formalin, embedded in gelatin and paraffin, and stained with 
haematoxylin and eosin, haematoxylin and Sudan III and the Hortega double impregnation of 
connective tissue. 


The figures for the estimations of cholesterol in blood? are given in Table 1 
(Experiment 1) and Table 2 (Experiment 2). 


TABLE 1. 


Cholesterol in mg. p.c. 


On last day of cholesterol-oil Eight days after myxoma 
feed. infection. 
Group A ] 255 445 
2 205 335 
3 310 
+ 420 400 
5 425 800 
6 345 anal 
Right days after Group A 
was infected. 
Group B 7 195 340 
8 370 500 
Eight days after myxoma 
Last day of oil feed. infection. 
Group C 9 100 135 
10 100 160 (note apparent 


slight increase ) 


2T am indebted to my colleague Mr. R. J. Cowan for these estimations. 
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TABLE 2. 


Cholesterol in mg. p.c. 
14 days after beginning 


cholesterol-oil feed. On day of death, 
Group AA 11 1,230 
12 800 
13 1,130 
14 890 
15 1,190 
16 1,100 Above 1,000 in all animals. 
7 1,050 
18 1,030 
19 800 
20 640 
21 820 
22 1,470 
Group BB 23 1,100 
24 1,000 Above 1,000 in all animals. 
25 1,200 
26 1,050 
14 days after beginning 
of oil feed. 
Group CC 27 120 
28 70 
29 85 Below 120 in all animals. 
30 85 
31 85 
32 63 


PATHOLOGICAL EXAMINATIONS. 
Experiment 1, 


Four days after the end of cholesterol-oil or oil feeding, i.e. 14 days after the 
beginning of the experiment, the animals of Groups A and C were injected with 
the myxoma virus. After an incubation period of 5-7 days the animals showed 
the typical symptoms of myxomatosis and were killed on the 10th day, when mori- 
bund. They showed typical myxomatous lesions of the skin and conjunctiva, 
haemorrhages of the lung and swelling of the testicles; there was no evidence of 
atheromatosis in any animal. 

Microscopically in Group A all spleens were nearly normal, but showed many 
multinucleated giant-cells; there were no specific lesions of myxomatosis. The 
testicles in four cases showed typical myxoma cells and peri-phlebitis with a few 
lesions of the endothelium of smaller vessels. In three cases there was a moderate 
endo- and peri-phlebitis with myxoma cells in the wall of vessels of the liver and 
lung. Changes in the intima or endothelium were absent from all cases. As a 
result of the cholesterol-oil feeding there was an abnormal amount of fat aceumu- 
lated in the reticulo-endothelial system, the cortex of the suprarenal and the liver. 
The specific myxomatous lesions showed no special infiltration with fat. The foei 
of endo-phlebitis were free from fat. 
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In Group B there was marked fatty infiltration in the reticulo-endothelial 
system, adrenal cortex and liver. No. 8 showed early atheromatosis of the main 


pulmonary artery. 

In Group C there was no evidence of myxomatous lesions in the spleen. 

The testicles contained typical myxomatous lesions. One animal showed endo- 
and peri-phlebitis of a single vessel of the testicle without fatty infiltration. Gener- 
ally the fatty infiltrations were much smaller than in Group A. 

Comment on the Result of Experiment 1. Apparently the presence of myxo- 
matous lesions in the reticulo-endothelial system and smaller vessels depends on 
the virulence of the virus. In the present experiment, owing perhaps to a loss of 
virulence, such lesions were irregular. The infection pursues its course indepen- 
dently of. and is uninfluenced by, the previous short cholesterol-oil or oil feeding. 
Conversely the production of atheromatosis is not accelerated by myxomatosis ; 
after cholesterol-oil feeding, insufficient in itself to produce atheroma, infection 
with the virus does not cause atheromatosis. The myxomatous lesions show no 
special tendency to accumulate fat or cholesterol. 


Experiment 2. 


After four months of cholesterol-oil or oil feeding the rabbits were injected 
with the myxoma virus as in the previous experiment. The cholesterol-oil or oil 
feed was continued after infection, but the animals ate hardly anything after the 
fifth day. The animals of Groups AA and BB were jaundiced, and two animals 
died with jaundice before infection with the virus was possible. Post-mortem 
examination showed an abnormal fat-accumulation in the adrenals, spleen and 
liver; the last explained the icterus. Severe atheromatosis was also found in the 
aorta and the coronary, pulmonary and renal arteries. 

Group A.A. Macroscopieally, all animals had visibly well-developed athero- 
matosis of the ascending aorta, coronary, renal and pulmonary arteries. Their 
adrenals were enlarged and filled with fat. Their spleens were enlarged to five 
times the normal size, and were yellow from fat accumulation; their livers also 
were enlarged and yellow. Myxomatous lesions were typical and included ‘*‘ bull’s 
eye’’ haemorrhages of the lung (Hurst, 1937), oedema of skin, ears and conjunc- 


tivae. Microscopically, all animals showed atheromatous ‘‘ pillow-formations’’ of 
the intima of aorta and pulmonary artery. These ‘‘ pillows’’ were as thick as the 
wall of the vessels and formed by cholesterol and fat deposits. There was also a 
marked atheromatosis of the coronary and renal arteries with diminution of the 
lumen. The spleen had a foamy appearance and was full of doubly-refractile fat. 
The liver showed a maximal fatty accumulation in the parenchyma, reticulo-endo- 
thelial system and bile-ducts. The kidneys showed fatty infiltration in all tubules. 
Myxomatous lesions were clearly visible in the lung and spleen, where myxoma- 
cells were frequently found in the adventitia of smaller vessels. The amount of fat 
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in the myxoma-cells was negligible ; occasionally fine drops were visible (Cowdry, 
1934). The atheromatous areas of the aorta and pulmonary artery, and the liver, 
spleen, adrenal and kidney were free from myxomatous changes. 

Group BB. Macroscopically and microscopically, marked atheromatosis and 
lipoid accumulation were found as in Group AA, but of course without myxo- 
matous lesions. 

Group CC. Macroscopically, there was no evidence of atheromatous lesions, 
but only a slight degree of fatty infiltration in the liver and adrenal. The myxo- 
matous lesions were typical in the skin, conjunctiva, lung and spleen. Micro- 
scopicaliy, there was no evidence of atheromatosis in the aorta, pulmonary and 
coronary arteries or other vessels. The reticulo-endothelial system in the liver and 
spleen contained a slightly increased amount of fat. The spleen showed marked 
myxomatous infiltrations, most of the follicles being surrounded and replaced by 
myxoma-cells. There were also myxomatous infiltrations in the adventitia of the 
vessels. The lungs showed the typical ‘* bull’s eye’’ haemorrhages and occasionally 
myxomatous infiltrations in the adventitia of smaller vessels. There was no evi- 
dence of intimal lesions. All myxomatous lesions were free from fat. 

Comment on the Result of Experiment 2. An existing experimental choles- 
terol-atheromatosis does not influence infections due to the myxoma virus either in 
their course or in the localization of lesions. The atheromatous lesions do not con- 
stitute a foundation on which myxomatous lesions may develop. Myxomatous in- 
filtrations do not absorb fat even under extreme lipaemia. 


SUMMARY. 


When rabbits suffering from experimental cholesterol-atheromatosis are in- 
fected with the virus of infectious myxoma, the resulting lesions do not localize 
in the atheromatous areas. The course of the disease, infectious myxoma, is not 
influenced by the existence of atheroma. 
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Drury and Szent Gyérgyi (1929) showed that the transient effects on the 
mammalian heart of the intravenous injection of extracts of heart muscle and 
other organs could be attributed to adenylic acid which they were able to isolate 
from these sources. Among other actions this substance slows the heart rate and 
impairs conduction in the junctional tissues. Bennet and Drury (1931) showed 
that adenyl compounds are released by injury of the heart muscle of the guinea- 
pig by burning. 

The action of snake venoms, notably that of the Indian cobra (Nata naia) on 
the dog’s heart, causing impaired conduction between auricle and ventricle and 
heart block (Feldberg and Kellaway, 1937b) cannot regularly be explained by 
obvious lesions in the junctional tissues, nor can it be attributed to histamine which 
is liberated by the venom. Though the work of Bennet and Drury (1931) and 
Drury, Lutwak-Mann and Solandt (1938) has emphasized the ease with which 
adenyl compounds are destroyed by enzyme systems in tissue cells and in the 
blood it seemed possible that some of the cardiac effects of venom might result 
from the liberation of adenylic acid in the heart itself or from other organs. We 
have studied therefore the effect of cobra venom in causing functional changes in 
the heart of the rabbit and cat and in liberating adenyl compounds from perfused 
organs of these species. In stating our results we have assumed that the cardio- 
depressant substances estimated in perfusate and extracts on the atropinized 
guinea-pig heart preparation are adenyl compounds and have referred to them 
as such. The grounds upon which this assumption has been made are presented 
in the discussion. 

METHODS. 


For electrocardiographie studies we have used the rabbit and the cat anaesthetized with 
intravenous chloralose, 12 ¢.c. of 1 p.c. solution per kg. The leads were taken from the right and 
left fore limbs and the left hind limb using zinc electrodes applied with soft soap to the closely 
clipped part. The vagi were cut and artificial ventilation was provided through a tracheal cannula. 


The blood pressure was recorded from a cannula in the left carotid artery. 


1 This work was aided by a grant from the National Health and Medical Research Council. 
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The liver of the rabbit was perfused as described for the liver of the dog by Feldberg and 
Kellaway (1937a). The rabbits were anaesthetized with ether, and the liver was perfused free 
from obvious blood through the portal vein. The bulk of the organ was tied off and excised, the 
right lateral lobe weighing from 9 to 14 gm. being used for the experiment. Control extract of 
liver was made from weighed pieces of the excised portion of the organ. This and the final extract 
of the envenomed lobe were made by grinding the tissue in Tyrode solution with silica. The 


extracts were made up to contain 1 gm. of tissue in 50 ¢.c. for control and 1 gm. in 20 ¢.c. for 
envenomed liver and were at once boiled to destroy inactivating enzymes. The perfusion rate 
was 2 ¢.c. per minute except during the first three minutes after injection when it was increased 
to 8 to 10 ¢.c. per minute to remove excess of venom. The injection of 5 mg. of venom in 1 ¢.c. 
Tyrode solution was made through the cannula into the portal vein and the perfusion flow stopped 
for two minutes. The perfusate was collected for 15 minutes before the injection of venom and in 
successive samples 0-3, 3-10, 10-30 and 30-60 minutes after the injection. The samples were 
brought to the boil as soon as they had been collected in order to destroy any enzymes present. 

The extracts and perfusate were assayed on the guinea-pig heart preparation described by 
Drury, Lutwak-Mann and Solandt (1938), their cardio-depressant activity being matched with 
varying doses of 1: 100 lacarnol (Bayer) solution!. By the repeated administration of atropine 
(0-5-1 mg.) we inhibited the action of acetylcholine present in the extracts or perfusate. We 
excluded the cardio-depressant effects of venom in the perfusate and in the envenomed organ 
extract by the preliminary administration of cobra antivenine (60 mg. of a dried preparation). 

In preparing the isolated kidney for perfusion, the rabbit was eviscerated under ether 
anaesthesia and a cannula was introduced cranially into the aorta distal to the origin of the renal 
arteries. The aorta was tied cranial to these branches and the inferior vena cava opened. After 
the kidneys had heen perfused free from blood one was used for the control extract and the other 
for the experiment, a cannula being introduced into the renal artery. The perfusate was collected 
as from the perfused liver before and after the injection of cobra venom (5 mg. in 1 ¢.¢.). 

For the perfusion of the heart of the cat and rabbit the animal was anaesthetized with 
chloralose. The thorax was opened and the heart and great vessels exposed by removing the 
pericardium. Two ties were placed under the aorta and during momentary traction a cut was 
made into the vessel between them and the cannula through which oxygenated heart Ringer’s 
solution (NaCl 0-9, KC] 0-042, CaCl. 0-012, NaHCOgz 0-1 and glucose 0-1 p.c.) was flowing was 
introduced pointing heartwards. The cannula was tied in and the heart at once excised and sus- 
pended over a paraffin block, from which the outflowing fluid was collected. The Ringer’s solution 
was warmed to 35° by passing through a spiral in a bath at 40°C. Injections were made into the 
aortic cannula without stopping the flow. The height of fluid in the reservoir through which 
Oy 96-5 p.c. and CO. 3+5 p.c. was bubbled was 65 em. above the aortie bulb. The normal rate of 
flow, 70 to 100 ¢.c. per minute for the cat, was diminished by means of a serew clip to 8-12 ¢.c. 
per minute. To deprive the heart of oxygen, hydrogen was bubbled through Ringer’s solution in 
a second reservoir at the same height and connected to the normal system by a ‘‘Y’?’ piece close 
to the heart. A similar arrangement was provided for perfusing the heart with 1: 200 lacarnol 
solution, care being taken to empty the dead space between the Y piece and the heart at the change 
over through a T piece close to the organ. 

The lysocithin used in the perfusion experiments was made by H. F. Holden by the action of 
cobra venom on egg volk and was free from venom. The antivenine was a dried preparation from 
the late Major George Lamb's collection kindly given us by Sir Charles Martin. 

Cyanide perfusion fluid was prepared by adding the calculated amount of molar NaCN to 
Tyrode solution. The mixture was brought to pH 7-4 to 7-6 by the addition of concentrated HCl 





1 This preparation was used because of unavoidable delay in obtaining pure adenylic acid or 
adenosine as a standard. 
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and the pH of these solutions was estimated colorimetrically and the results verified by the glass 
electrode method by H. F. Holden. Cyanion was removed from the samples containing it before 
they were assayed on the heart preparation. This was done by adding 2-3 drops of concentrated 
HCl and bringing them to the boil over a low flame. The samples were allowed to cool and again 
boiled ; they were then neutralized with N/10 NaOH and the necessary correction made for change 
of volume. The solutions now contained oniy traces of cyanion as indicated by the Prussian 
blue reaction and control samples of perfusate free from adenyl compounds so treated were 
without effect on the heart preparation in doses up to 1 ¢.c. The content of cyanion in the 
solutions was accurately estimated by titrating with an ammoniacal solution of CuSO, prepared 
by adding ammonia solution drop by drop to 50 ¢.c. of a 0-1 M solution till the precipitate formed 
just dissolved (Guérin and Gonet (1909) ). 


RESULTS. 
1. Electrocardiographic Changes Caused by Cobra Venom in the Rabbit. 


In the dog, cobra venom injected intravenously in doses of 0-1 to 0-2 mg. per 
kg. causes the appearance of extra-systoles (Gautrelet, Halpern and Corteggiani, 
1934), but after larger doses (1-5 to 2 mg. per kg.) the dominant feature of its 





Fig. 1. Carotid blood pressure of rabbit under chloralose anaesthesia and artificial respira- 
tion and with the vagi cut. The intervals between the upper panels were 10 and 12 minutes, 
between the right upper and the left lower panels 23 minutes, and between the lower panels 
3 and 9 minutes respectively. At the arrows 0-2, 0-3 and 0-4 mg. cobra venom per kg. injected 
intravenously. The marks above the tracing signal the electrocardiograms of Fig. 2. Time in 
half minutes, 
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action is impairment of conduction as manifested by prolongation of the P-R 
interval and by the appearance of block and of abnormal ventricular complexes 
(Feldberg and Kellaway, 1937b). 

In rabbits under chloralose anaesthesia and artificial ventilation and with the 
vagi cut we have studied the cardiac effects of the intravenous injection of 0-2 to 
0-5 mg. per kg. of cobra venom. The peripheral vaso-dilator effect of the larger 
doses of venom was diminished by giving a preliminary injection of 0-2 to 0-3 mg. 
per kg., which in the course of half-an-hour caused little. if any change in the elee- 
trocardiogram. Sometimes this dose was without effect on the blood pressure (Fig. 
1), but generally it caused a slight though rather prolonged fall (Fig. 3). <A later 
dose of from 0-4 to 0-5 mg. of venom per kg. caused an immediate rise followed 





Fig. 3. Carotid blood pressure of rabbit under chloralose anaesthesia and artificial respira- 
tion and with the vagi cut. The intervals between the panels were 23, 3, 6 and 7 minutes 
respectively. At the arrows 0-3 and 0-4 mg. cobra venom per kg. injected intravenously. 
The marks above the tracing signal the electrocardiograms of Fig. 4. Time in half minutes. 


within two or three minutes by a fall of blood pressure and death from cardiac 
failure in from 5 to 35 minutes. The electrocardiographie changes were brady- 
cardia, a small increase in the P-R interval and an R.S.T. deviation and finally 
block which persisted till death. In these short experiments no gross lesions were 
found in the heart muscle or coronary vessels post mortem. 

Figs. 1 and 2 show the effects of three successive doses of 0-2, 0-3 and 0-4 
mg. of venom per kg. in a rabbit weighing 2-8 kg. The first injection caused no 
significant change in the blood pressure, and 20 to 24 minutes later the electro- 
cardiograms (leads I, IT and III, Fig. 2B) showed no change. A second injection 
of 0-3 mg. per kg. was given 47 minutes after the first and caused a slight rise 
followed by a fall of blood pressure. The electrocardiograms 5} to 8 minutes after 


this injection (Fig. 2C) showed some degree of slowing of the heart with no per- 
ceptible lengthening of the P-R interval. The blood pressure was steady at 30 mm. 
Hg. A third injection of 0-4 mg. per kg. 20 minutes after the second caused a 
slight rise and a terminal fall of blood pressure. The electrocardiograms after 
this injection showed bradyeardia with a lengthened P-R interval and a deviation 
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of the R.T. segment from the iso-electrie plane (Fig. 2D), passing over into ter- 
minal block (Fig. 2E). 

Figs. 3 and 4 show the effects of two doses of 0-3 and 0-4 mg. of venom per kg. 
in a rabbit weighing 2-9 kg. The first dose caused a slight rise followed by a trivial 
fall of blood pressure. Apart from a more evident P wave there was no significant 
change in the electrocardiogram (lead II, Fig. 4B) 28 minutes later when the blood 





Fig. 4. Electrocardiograms, lead II taken as indicated in Fig. 3. 


pressure was 54 mg. Hg. The second dose of venom caused a slight rise followed 
by a profound fall of blood pressure and death in 30 minutes. The electrocardio- 
grams (Fig. 4C and D) three and four minutes after this injection showed a bradvy- 
cardia with no perceptible change in the P-R interval. Twelve minutes after the 
the injection the P-R interval was lengthened and there was an R.S.T. deviation 
(Fig.4E). Block was observed (Fig. 4F) 19 minutes after the injection, and per- 
sisted until death. 

In all our experiments with cobra venom block only occurred as a terminal 
event when the blood pressure was low. The blood was kept well oxygenated by 
artificial ventilation so that the block cannot be attributed to asphyxia. In five 
experiments in rabbits with vagi cut we lowered the blood pressure by repeated 
bleeding to 10 to 30 mm. Hg and maintained it at this level for half-an-hour or 
more. Under these conditions, though one animal showed a bradycardia, block 
was not observed nor was there any evidence of impairment of conduction in the 
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junctional tissues. The administration of lacarnol (1 to 3 ¢.c.) intravenously 
caused severe bradycardia with prolongation of the P-R interval. Block was not 
observed. 


2.. The Liberation of Adenyl Compounds from the Perfused Liver of the Rabbit 
by Cobra Venom. 


The liver of the rabbit is rich in adenylic acid, containing according to Bennet 
and Drury (1931) 0-5 mg. per gm. It is therefore a suitable organ for studying 
the effect of tissue injury in liberating this or other adenyl compounds. It also 
has the advantage that it contains but little histamine, 1-3y per gm. of tissue. 











Fig. 5. Record from the right auricle of an atropinized guinea-pig passively immunized 
against cobra venom. Estimation of extracts and perfusate from a rabbit’s liver before and 
after the intraportal injection of cobra venom. Time in minutes. Details in text. 


Extracts of several pieces of liver from the same organ when tested on the atropi- 
nized heart of the guinea-pig by the method described by Drury, Lutwak-Mann 
and Solandt (1938) exhibit the same cardio-depressant activity within 20 p.c., 
which probably represents the limit of accuracy of the method. Perfusion of a 
piece of liver with Tyrode solution does not cause the appearance of any detect- 
able amount of adenyl compounds in the perfusate, nor is there any loss of these 
compounds from the liver as estimated by comparison of the extracts made after 
perfusion for 1} hours with control extracts. In two experiments which illustrate 
the foregoing statements, the content of adenyl compounds, expressed as c¢.c. of 
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lacarnol per gm. of tissue, in three pieces of liver perfused free from obvious blood 
and of a fourth piece perfused for a further period of 1} hours were 0-50, 0-47, 
0-44 and 0-48 ¢.c. in one experiment and 0-50, 0-59, 0-51 and 0-49 ¢.c. in another. 

The effect of the intraportal injection of 5 mg. of venom in a piece of liver 
weighing 9-6 gm. and containing adenyl compounds equivalent to 0-5 ¢.c. lacarnol 
per gm. is illustrated by the titration shown in Fig. 5. The samples collected dur- 
ing successive periods of 3, 7, 20 and 30 minutes after the injection contained vary- 
ing amounts of cardio-depressant substance estimated by comparison with lacaruol. 
At A, control extract of liver in a dose equivalent to 10 mg. of tissue and at B, 
extract of the perfused and envenomed liver equivalent to 40 mg. of tissue (un- 
corrected for oedema) were matched at L5 with 0-5 ¢e.c. of 1: 100 lacarnol. At C, 
1 c.c. of perfusate before the injection of venom was without effect, at D and E, 
0-5 ¢.c. and at F and G, 1 ¢.c. of the successive samples of perfusate after the in- 
jection of venom were matched against 0-4, 0-8 and 1 e.c. of 1: 100 lacarnol at 
L4, L8 and L10. The bulk of the output of adenyl compounds occurred within 
10 minutes of the injection of venom. 

In this experiment the titration of the extract of liver after the injection of 
venom showed a loss of adenyl compounds which was considerably greater than 
the total output measured in the perfusate. The liver after injection of venom and 
perfusion for 1} hours weighed 12-7 gm. and after correction for oedema contained 
adenyl compounds equivalent to 0-17 ¢.c. lacarnol. The loss from the liver was 
therefore 66 p.c. whereas the total output estimated in the perfusate was only 
25 p.c. of the content of the tissue. This state of affairs was observed regularly 
when the perfusate was collected at room temperature 15° to 19° C., as may be 
seen in the first three experiments of Table 1. 


TABLE 1. 


Liberation of Adenyl Compounds from the Perfused Liver of the Rabbit. 


Content of Output in Output 
tissue in ¢.c. P.c. loss by perfusate as p.c. of Temperature at 
lacarnol difference of in ¢.¢. total content which perfusate 
per gm. organ extracts. lacarnol, of tissue. collected. 
0-55 56 p.c. 1-46 26 p.ec. 
0°50 66 p.c. 1-19 25 p.c. 15°-19°C. 
0-50 51 p.e. 0-71 15 p.e. 
0-48 59 p.c. 1-33 37 p.c. 
0-68 82 p.c. 2-59 29 p.e. 
0-53 76 p.c. 1-19 33 p.e. 


In many tissues there exist enzyme systems which are capable of inactivating 
adenyl compounds, and it seemed likely that such enzymes might be liberated into 
the perfusate by the action of cobra venom. Perfusate after the injection of cobra 
venom loses all its cardio-depressant activity in less than three hours when allowed 
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to stand at room temperature and more rapidly when incubated at 37° C. This 
perfusate, unlike that collected before the injection of venom, also inactivates 
lacarnol as may be seen from the experiment of Fig. 6. During the first three 


wah 











Fig. 6. Record from the right auricles of two atropinized guinea-pigs—the first passively 
immunized against cobra venom. Upper panels—estimation of inactivation of lacarnol by 
perfusate from the envenomed liver of the rabbit; lower panels—failure of inactivation by 
perfusate from a normal liver. The figures above the tracings indicate the times of incubation. 
Details in text. 
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minutes after the injection of 5 mg. of cobra venom 28 ¢.c. of perfusate were col- 


lected from a piece of rabbit’s liver weighing 4-8 gm. The perfusate was allowed 
to stand at room temperature till its original cardio-depressant activity had dis- 
appeared and 1/10 of its volume of 1: 10 lacarnol was then added. The activity of 
the mixture was tested on the heart preparation in comparison with a similar 
dilution of lacarnol in Tyrode solution immediately after mixing and at various 
times during incubation for 75 minutes. The upper panels in Fig. 6 show the re- 
sponses of the auricle to 0-5 ¢.c. doses of perfusate (P) and control (C) mixtures 
immediately and after 25, 50 and 75 minutes. There was a steady loss of activity 
in the perfusate mixture, and after 75 minutes the response to it was negligible. 
A similar titration was carried out with the sample of perfusate (60 ¢.c.) col- 
lected during the next 27 minutes and a comparable inactivation of lacarnol mix- 
ture was only obtained after incubation for 100 minutes. The lower panels of 
Fig. 6 show the titration of a sample of perfusate collected at 2 ¢.c. per minute from 
a normal liver and to which lacarnol had been added in the same proportion as to 
the envenomed perfusate. The titrations of perfusate (P) and control (C) mix- 
tures are shown immediately and after 20 and 80 minutes’ incubation, but there 
was still no significant loss of activity in two hours. It appears therefore thai 
not only are adenyl compounds liberated from the liver after the injection of cobra 
venom but also an enzyme system which is capable of inactivating them. Part of 
the discrepancy between total loss from the organ and output in the perfusate 
after the injection of venom is thus explained. 

The second group of experiments in Table 1 in which the perfusate was col- 
lected at 95° C. shows a slight increase in the output of adenyl compounds estimated 
in the perfusate, and in one experiment 60 p.c. of the loss from the organ was ac- 
counted for. When the perfusate was collected under these conditions the loss of 
adenyl compounds measured by difference of the control and envenomed extracts 
varied from 59 to 82 p.c., and the output in the perfusate from 29 to 37 p.c. of the 
total content of the piece of liver used for the experiment. In further experiments 
we eliminated individual variation by collecting the perfusate in two parts, one 
at room temperature and one at 95° C. Each drop of outflowing perfusate was 
divided into almost equal parts by allowing it to fall upon a serrated knife edge 
set on an angled sheet of celluloid, and in this way we obtained continuously regu- 
lar separation of the perfusate into two portions. Table 2 gives the results of 
these two experiments, the output in the perfusate being calculated on the assump- 
tion (A) that all the perfusate had been collected at room temperature and (B) 
that it had been collected at 95° C. The increase by heating was 38 p.c. in the first 
and 42 p.c. in the second experiment. 
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TABLE 2. 


Liberation of Adenyl Compounds from the Perfused Liver of the Rabbit, the 
Perfusate being collected partly at Room Temperature (A) and partly at 
95° C. (B). 


Content of tissue in P.c. loss by difference Output in perfusate Output as p.c. of total 


¢.c. Jacarnol per gm. of organ extracts. in ¢.c, lacarnol. content of tissue. 
0-56 59 p.c. A ) 2-0 32 p.c. 
B § 2-76 44 p.c. 
0-66 38 p.c. A) 0-71 9 p.c. 
Bf 1-01 13 p.e. 


It will be observed that even when the action of enzymes in the perfusate is 
eliminated by heating, the output of adenyl compounds estimated still represents 
only a moderate proportion of the total loss from the organ. This may be explained 
by the inactivating action of enzymes in the damaged cells of the tissue during 
perfusion or by their action on liberated adenyl compounds in the vessels of the 
perfused organ. The possibility that some activity was lost during prolonged 
heating of the perfusate at 95° C. was excluded by the observation that a mixture 
of lacarnol and perfusate brought to the boil and cooled and a similar mixture 
heated for half-an-hour at 95° C. and finally brought to the boil and cooled had 
exactly the same activity. 

3. The Inactivation of Adenyl Compounds in the Perfused Liver of the Rabbit. 

When Tyrode solution containing lacarnol is perfused and re-perfused con- 
tinuously through a piece of normal liver the cardio-depressant activity of the 
perfusate disappears rapidly. This might be due to absorption of the active sub- 
stance into the perfused tissue or to its inactivation by enzymes present in the 
cells of the perfused organ. A third less likely possibility remains, namely, that 
lacarnol causes the liberation of inactivating enzymes into the perfusate. 

A piece of liver weighing 9-3 gm. was perfused continuously with 200 ¢.c. of 
Tyrode solution to which 3 ¢.c. of laecarnol had been added. A portion of the 
original solution served as a control. Samples each of 10 ¢.c. were withdrawn at 
intervals and at once boiled. Fig. 7 shows the responses of the guinea-pig’s auricle 
to 0:5 ¢.c. of samples taken after 3, 10 and 30 minutes. The first of these showed 
a loss of 30 p.e.. the second of about 60 p.c. compared with 0-5 ¢.c. of the control 
mixture of lacarnol tested at 0 before and after. In the sample taken after 30 
minutes almost all the activity had disappeared. In another similar experiment 
complete loss of activity oceurred in between 30 and 40 minutes. The loss of 
activity from the perfusate did not depend upon the absorption of unaltered 
lacarnol into the liver tissue because the extract of liver, after perfusion with 


lacarnol, had the same amount of cardio-depressant activity as the control extract, 
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namely, the equivalent of 0-46 ¢.c of lacarnol per gm. Had all the lacarnol been 
absorbed unaltered the active substance in the liver estimated after perfusion 
would have been 0-78 ¢.c. per gm. The comparison of the control extract of liver 
with the extract after perfusion is shown in the second panel of Fig. 7. At A, 








Fig. 7. Record from the right auricle of an atropinized guinea-pig. Estimation of 
successive samples of perfusate from a rabbit’s liver perfused with lacarnol, and of control 
and treated liver extracts. The figures below the responses in the left half of the panel are 
the times in minutes at which the samples were taken. Time in minutes. Details in text. 


10 mg. of control, at B, 10 mg. of liver after the perfusion were matched with 
0-46 e.c. of lacarnol 1: 100 at L4-6. It remained to be seen whether the addition 
of lacarnol to the perfusion fluid caused damage to the liver and the liberation into 
the perfusate of inactivating enzymes. This was determined by incubating at 
37° C. a sample taken after 10 minutes’ perfusion with the lacarnol solution and 
comparing it with a portion of this sample which was boiled immediately. There 
was no detectable loss of cardio-depressant activity after incubation for 50 minutes. 


4. Inhibition of the Inactivation of Adenyl Compounds in the Envenomed Per- 
fused Lier of the Rabbit by Cyanide. 


The inactivation of lacarnol by perfusate from the envenomed liver is in- 
hibited by cyanion. We tested mixtures of perfusate and lacarnol to which sodium 
cyanide was added to make concentrations of M/200, M/100 and M/40. These 
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mixtures were neutralized with concentrated HCl, corked up and allowed to stand 


for one hour at 16° C. They were then brought to the boil and the ecyanion re- 


moved. Complete inactivation had occurred in the presence of M/200 and M/100 
eyanide, but the mixture which had contained M/40 eyanide showed no loss of 
cardio-depressant activity as compared with a similar mixture without the addition 
of eyanide which had been boiled immediately after mixing. 

The liver can be perfused with Tyrode solution containing cyanide in con- 
centrations up to M/40 without the appearance of adenyl compounds in detectable 
amounts in the perfusate or any loss from the cells provided that the solution is 
first neutralized. Even if the cyanide solution is not neutralized, there is only a 
trivial output of adenyl compounds in the perfusate and no significant loss can 
be detected by comparison of control extracts with those of liver perfused with 
cyanide for 1} hours. Table 3 shows the results in such control experiments. 


TABLE 3. 
Control Perfusions of the Rabbit’s Liver with Cyanide Solutions. 


Content 
of tissue in Content of tissue Output in Output as p.c. 
Corcentration of cyanide — ¢.c. lacarnol after perfusion perfusatein of total content 
in perfusion fluid. gm. with cyanide. e.c. lacarnol. of tissue. 
M/40 NaCN (pH 7-2) 63 0-56 0 0 
M/40 NaCN (pH 9-8) -47 0-48 0-15 3 
M/100 NaCN (pH 9-4) *50 0-50 0 0 


In Table 4 are set out the results of a number of experiments in which cobra 
venom was injected intraportally into liver perfused with Tyrode solution con- 
taining cyanide. 

TABLE 4, 


Liberation of Adenyl Compounds from the Perfused Liver of the Rabbit by Cobra 
Venom in the presence of Cyanide. 


Concentration Content of P.c. loss by Output in Output as p.c. 
of NaCN in tissue in ¢.c, difference of perfusate in of total content 
perfusion fluid. lacarnol per gm. organ extracts.  c.c. lacarnol. of tissue. 
M/40 (pH 7°5) -50 45 p.c. 2-9 49 p.c. 
M/40 (pH 7: 0°55 45 p.c. 2°5 47 p.c. 
M/40 (pH 7- -50 64 p.c. 45 p.c. 
M/40 (pH 9- -52 100 p.e. 85 p.c. 
M/50 (pH 9- +45 64 p.c. 43 p.c. 
M/100 (pH 7- *63 65 p.c. 28 p.c. 
M/100 (pH 7-6 “62 74 p.c. 34 p.c. 


hoe bo Oro bo 
POUR AS 
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In the first five experiments of the Table the output in the perfusate corres- 
ponds with the total loss from the tissue within the limits of accuracy of the method 
of estimation and in the first two, in which the perfusion fluid was neutral, the 
agreement is very close. In the fourth and fifth experiments the alkalinity of 
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the perfusion fluid may have contributed to the tissue injury and, since adenyl 
compounds are unstable in the presence of alkali, may have increased the apparent 
loss from the tissue and decreased the output measured in the perfusate. 

The concentrations of cyanion in these experiments were less than has been 
indicated, since cyanide solutions lose much of their eyanion during perfusion and 
even in the course of neutralization. A solution presumed to be M/40 cyanide was 
found to be M/43 before neutralization, M/56 after neutralization and M/110 
after perfusion and re-perfusion for one hour through a piece of liver at 10 e.c. 
per minute. 


dD. The Liberation of Adenyl Compounds from the Perfused Lwer of the Rabbit by 
Lysocithin. 


Feldberg and Kellaway (1938) and Feldberg, Holden and Kellaway (1938) 
showed that lysocithin which is formed by the action of cobra venom causes the 
liberation of histamine from perfused organs. It was probable therefore that the 
liberation of adenyl compounds by cobra venom might in part result from the 
formation of lysocithin. If this were the case it might also be anticipated that 
lysocithin so formed might contribute to the cardio-depressant action of perfusate 
and envenomed extracts so that the values estimated would be too high. Evidence 
that lysocithin was not present in envenomed perfusate or extracts in amounts 
sufficient to affect the titration of adenyl compounds was afforded by experiments 
in which the perfusate was tested immediately after being collected and shown to 
possess cardio-depressant activity and then allowed to stand at room temperature 
until the activity attributable to adenyl compounds had been lost by the action of 
inactivating enzyme. The perfusate in doses of 1 ¢.c. was now wholly without 
action on the heart preparation. 

The action of large doses of lysocithin on the guinea-pig heart preparation is 
somewhat like that produced by adenyl compounds, but there is a secondary de- 
pression commencing 40 to 60 seconds after the injection when recovery has taken 
place from the initial depression. There is a good deal of individual variation, 
but preparations which are sensitive to lysocithin yield primary responses to 0-4 
to 0-6 mg. equivalent to those to 0-2 to 0-3 ¢.e. 1: 100 laearnol, and 1 to 2 mg. of 
lysocithin produce more severe depressions. Some preparations are much less 
sensitive, failing to respond to 1 mg. of lysocithin. In Fig. 8 are seen the cardio- 
depressant responses of a sensitive guinea-pig’s auricle, at Ly4 to 0-4 mg. and at 
Ly10 to 1 mg. lysocithin and the responses to 0-5 ¢.c. of 1: 100 lacarnol at L5. The 
lacarnol administered after the large dose of lysocithin appeared to aid the re- 
covery of the heart. Passive protection of the heart preparation with cobra anti- 
venine is without influence on the action of lysocithin. 

We also studied the effect of adding lysocithin to envenomed perfusate and 


incubating it for varying periods. The cardio-depressant activity of lysocithin 
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was diminished by admixture with perfusate, and there was some further loss of 
activity during the first half+hour of incubation. In several experiments—using 
lysocithin 3 to 4 mg. per c.c. of perfusate—this loss amounted to about 25 p.e. but 
was not increased by further incubation. 











Pig. 8. Record of the right auricle of an atropinized guinea-pig. Effect of lysocithin. 
Time in minutes. Details in text. 


The intraportal injection of lysocithin into the perfused liver of the rabbit 
causes an immediate though transitory liberation of adenyl compounds. The re- 
sults of two experiments in which 10 mg. of lysocithin were injected are given in 
Table 5. In the first experiment the perfusate was collected at 95° C., and in the 
second, part was collected at room temperature (15° C.) and part at 95° C. The 
output was estimated as having been collected at 95° C. The perfusate collected 
at 15° C. was allowed to stand for two hours and was then shown to have lost all 
its eardio-depressant action. With this dose of lysocithin the amounts of adenyl 
compounds estimated in the perfusate were 42 and 52 p.c. of the total loss from 
the tissue, and were comparable with the venom experiments in which the per- 
fusate was collected at 95° C. and the percentages varied from 34 to 74. 
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TABLE 5. 


Liberation of Adenyl Compounds from the Perfused Liver of the Rabbit by 


Lysocithin., 
Output 
Content of tissue in _P.c. loss by difference in the perfusate Output as p.c. of 
¢e.c. lacarnol per gm. of organ extracts. in ¢.¢c, lacarnol, total content of tissue. 
0-6 55 p.e. 1-3 21 p.e. 
0-53 58 p.c. 1-21 30 p.e. 











Fig. 9. Record of the right auricle of an atropinized guinea-pig. Titration of perfusate 


from a rabbit’s liver after the injection of lysocithin. Time in minutes. Details in text. 


The samples collected during the first three minutes after the injection of 


lysocithin contained nearly all the cardio-depressant activity. They were tested 


in a dose of 0-1 ¢.c. which could have contained at most only 0-15 mg. of lysocithin. 


In Fig. 9 is shown the response at B to 0-1 ¢.c. of one of these samples collected at 
95° C. matched with the response at L3 to 0-3 ¢.c. 1: 100 lacarnol. At A, a corres- 


ponding dose of the same sample collected at 15° C. and left to stand for two hours 
was without action. Lysocithin 0-15 mg. (Ly 1-5) was also without effect. 


6. The Liberation of Adenyl Compounds from the Perfused Kidney of the Rabbit 


the same amount of adenylic acid as the liver, 0-5 mg. per gm. 





by Cobra Venom. 


sennet and Drury (1931) found that the kidney of the rabbit contains about 
In our experiments 
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the content of adenyl compounds in the kidney expressed in e.c. of lacarnol per gm. 
(0-16 to 0-37 ¢.c.) was less than that obtained from the liver (0-45 to 0-68 e.¢.). 
When the perfusate from kidneys weighing 11 to 14 gm. perfused at a rate of 2 e.c., 
or even 1 ¢.c., per minute was collected at 15° C. it was devoid of cardio-depressant 
activity both before and after the injection of 5 mg. of cobra venom into the renal 
artery. The loss caused by venom measured by difference of organ extracts was 
about 70 p.c. A small output was observed in the perfusate, collected at 95° C., 
after the injection of venom. Even high concentrations of cyanide, though they 
improved the output in the perfusate, failed to approximate this to the loss from 
the organ. The results of five experiments are set out in Table 6. 


TABLE 6. 


The Liberation of Adenyl Compounds from the Perfused Kidney of the Rabbit. 


Content of P.c. loss by Out put Output as Temperature 

tissue in difference in the p-c. of total at which 

«.¢.lacarnol of organ perfusate in content perfusate 

Perfusion fluid. per gm. extracts. ¢.c.lacarnol of organ. collected. 
Tyrode 0-25 68 a -- 15°C. 
Tyrode 0°37 70 0-10 2 95°C. 
Tyrode 0-16 75 0-11 4°5 95°C. 
M/40 NaCN (pH 7:6) 0-23 67 0-15 5°6 15°C. 
M/25 NaCN (pH 7:4) 0-25 67 0-32 11-5 15°C. 


_— 


7. The Liberation of Adenyl Compounds from the Perfused Heart of the Rabbit 
by Cobra Venom. 


The heart of the rabbit, according to Bennet and Drury (1931), contains 0-4 
to 0-7 mg. of adenylic acid per gm. It is not however a suitable organ for the 
quantitative study of the liberation of adenyl compounds by cobra venom because 
the venom when injected into the perfused organ causes immediate constriction 
of the coronary arteries. In a few experiments in which we perfused the heart 
with oxygenated Ringer’s solution through the coronary circulation we found that 
the outflowing perfusate, even when the perfusion rate was reduced to 15 to 19 e.e. 
per minute, contained no detectable amount of adenyl compounds. When 0-5 to 
1 mg. cobra venom was injected the rate of flow was greatly diminished, the heart 
ceased to beat in from one to five minutes, and the flow had stopped entirely within 
five minutes. In some experiments adenyl compounds were detected only in the 
drainage fluid from the heart when it was cut down after it had ceased to beat, but 
in others an output of adenyl compounds occurred after a delay of one to two 
minutes. The following protocol illustrates this latter finding: 


The heart of a rabbit weighing 3-1 kg. was perfused at 30 ¢.c. per minute with oxygenated 
Ringer’s solution and the perfusate was free from cardio-depressant activity. Cobra venom 
0-5 mg. was injected into the aortic cannula and the heart ceased to beat in 1} minutes. The 
amounts of perfusate collected after the injection were in the first minute 6-5 ¢.c., during the 
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next period of two minutes 10-5 ¢.c. and in the fourth minute 2 ¢.c. The flow then ceased. The 
first sample had no cardio-depressant activity and 1 ¢.c. of the second and third samples were 
equivalent to 0-35 and 1-5 ¢.c. of 1: 100 lacarnol respectively. The heart was now found to 
contain the equivalent of 0-26 ¢.c. lacarnol per gm. 

We thought it better to study the liberation of adenyl compounds by cobra 
venom from the heart of a species in which the venom causes dilatation rather than 
constriction of the coronary vessels. It would then be possible to maintain ap- 
proximately the same rate of flow before and after the injection of venom. We 
therefore studied the cardiae effects in the cat in which the venom causes dilatation 
of the coronaries. 


8. The Electrocardiographic Changes caused by Cobra Venom in the Cat. 


We have made electrocardiographie studies under chloralose anaesthesia in 
five cats with the vagi cut, and injected venom intravenously in doses ranging from 
0-4 to 1-5 mg. per kg. A first dose of 0-4 to 0-7 mg. per kg. caused a profound 
fall of blood pressure which, as Feldberg and Kellaway (1937¢) have shown, is 
accounted for by constriction in the pulmonary circulation. A second dose of 
from 0-5 to 1-5 mg. per kg. invariably caused death from eardiae failure within 
three to five minutes. This second dose was also shown to be attended by a further 
rise in pressure in the pulmonary artery with a terminal fall at the onset of heart 
failure. The right heart was found to be extremely distended at autopsy (Feld- 
berg and Kellaway, 1937c). The effect of the pulmonary constriction on the right 
heart makes it difficult to ascertain the directly cardiac effects of the venom. 

The changes which we observed in the electrocardiograms after the initial in- 
jection were an increase in the rate of the heart, possibly caused by output of 
adrenaline, and an inversion of the T wave in all leads which in some eases returned 
to normal in the course of 10 to 20 minutes. Sometimes the P wave became more 
prominent in lead II. In one animal, after 0-7 mg. per kg., extra-systoles appeared 
11 minutes after the injection. The changes which followed the second injection 
were inversion of the T wave, an increase in the P-R interval (in two experiments) 
and appearances resembling a branch bundle block with widened ventricular com- 
plexes and a biphasic swing. The heart then passed into ventricular fibrillation. 
Fig. 10 shows the electrocardiograms taken from a cat weighing 3-6 kg. in which 
an initial dose of 0:5 mg. per kg. of cobra venom and a second dose of 0-7 mg. 
per kg. were injected. A shows leads I, II and III before the first injection when 
the blood pressure was 130 mm. Hg. The injection caused a sharp fall of blood 
pressure, temporary recovery with increase of pulse rate possibly due to an output 
of adrenaline during which lead IIT of B was taken, and then a fall to 80 mm. Hg, 
at which level leads II and I were obtained. The T wave is inverted in leads I 
and II and biphasie with a rather low take-off in lead III. The P wave in lead ITT 
is well marked and there is no increase in the P-R interval. The pronounced bi- 


phasie swing in lead II already shows some resemblance to the change regularly 
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seen after second doses in which the appearances suggest a branch bundle block. 
Thirty-six minutes after the injection, when the blood pressure had fallen to 60 
mm. Hg, C was obtained. The T wave is again upright in lead I, but leads II and 
III show appearances suggestive of a right branch bundle block. An auricular 
extra-systole is to be seen in lead III. D was obtained, lead III during the pre- 
liminary rise, If at its summit and I during the final fall of blood pressure 
which resulted from the second injection of venom given 47 minutes after the 
first. Lead II shows gross changes in the ventricular complexes, and lead | the 
onset of ventricular fibrillation. Death took place three minutes after the injection. 


9. The Liberation of Adenyl Compounds from the Perfused Heart of the Cat. 


(a) By Cobra Venom. 


The heart was perfused with oxygenated Ringer’s solution at a rate of flow of 
from 9 to 12 ¢.c. per minute. Despite the asphyxia involved in perfusion at such 
slow rates the heart continues to beat feebly and no adenyl compounds can be 
detected in the perfusate even after half-an-hour’s perfusion. A more intense 
degree of anoxia, which is sometimes sufficient to stop the heart-beat, produced by 
perfusion with Ringer’s solution from which all the dissolved oxygen had been 
displaced by bubbling hydrogen through it, also fails to cause the liberation of 
any detectable amount of adenyl compounds after perfusion for 15 minutes or 
during re-perfusion with oxygenated Ringer’s solution. 

Cobra venom in doses of 0-2 and 0-4 mg. in a concentration of 1 mg. per c¢.c. 
injected into the aortic cannula also fails to cause an output of adenyl compounds 
but 0-6 or 0-8 mg. causes a small output and 1 mg. of venom regularly causes a 
substantial output of adenyl compounds into the outflowing fluid. This dose 
stops the heart-beat in from 1} to 4 minutes, and the heart goes into systolic 
contracture but the perfusion flow is not diminished until this occurs. The output 


of ecardio-depressant substances does not immediately follow the injection of 
venom. There is always a latent period of from two to three minutes before the 
adenyl compounds in the perfusate have risen to a concentration high enough to 
be estimated on the guinea-pig heart preparation. Cessation of the heart-beat 


caused otherwise, as by asphyxia, does not cause any outflow of adenyl compounds 
in the perfusate. Some of these points are illustrated in the following protocol : 

The heart from a cat weighing 3-3 kg. was perfused at 9 to 13 ¢.c. per minute and the out- 
flowing perfusate collected at 95°C. The limit of sensitivity of the guinea-pig’s heart used to test 
the samples was 0-1 ¢.c. 1: 100 lacarnol. 


No.of Gas bubbled through Time of Volume of Equivalent per c¢.c. in 
Sample. Ringer’s solution. Collection. Sample. ¢.c. laearnol 1: 100, 
1 Os and COs 5 minutes 66 ¢.c. Nil. 
2 Hs f 46 ©.e. Nil. 
3 Hy 44 ©.c, Nil. Heart ceased to beat 
after 8 minutes. 
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No. of Gas bubbled through Time of Volume of Equivalent per c.c. in 
Sample. Ringer’s solution. Collection. Sample, c.c. lacarnol 1: 100, 
4 O. and COs 3 ” 28 ©.c. Nil. Heart beating again 
in 14 minutes. 


i a 40 ¢.c. Nil. 
5 ms 44 c.c. Nil. 
1 mg. cobra venom injected. 


2 minutes 19 cc. Trace (about 0-1 ¢.¢.) heart 
stopped after 2 minutes. 
8 : 25 c.c. 0-7 
9 : Be 0-7 c.c. 
10 : ms 23 et. 0-7 ce. 
7 


Drainage H 3 ce. 0- 


c.c. 
C.c. 


The outflow of adenyl compounds usually occurs at about the time when the 
heart ceases to beat. In experiments in which samples of perfusate were collected 
in successive minutes after the injection of 1 mg. cobra venom, adenyl compounds 
were first detected in the perfusate during the second minute in two experiments in 
which the heart ceased to beat in 75 and 165 seconds; in a third experiment they 
were detected in the third minute, by which time the beat had become extremely 
feeble and after a dose of 0-8 mg. in the fourth minute, the heart ceasing to beat 
at the end of the fifth minute. The liberation of adenyl compounds was shown to 
be caused by the specific action of the venom, for the injection of a mixture of 1 mg. 
of cobra venom and 60 mg. of dried cobra antivenine dissolved in 1 ¢.c. and allowed 
to stand for two hours was without any effect on a cat’s heart in which a subsequent 
injection of 1 mg. of unneutralized venom caused a large output of adenyl 
compounds. 

The amount of adenyl compounds liberated is probably much greater than 
that estimated. Indirect evidence for this statement was provided by perfusing 
1: 200 lacarnol through the normal heart and estimating the amount found in the 
outflowing perfusate. In two experiments at rates of flow of 8-5 and 7-5 ¢.e. per 
minute the outflowing perfusate which was collected at 95° C. was found to have 
lost 70 and 80 p.c. respectively of its cardio-depressant activity. 


(b) By Lysocithin. 


The perfusion of lysocithin through the cat’s heart also causes the liberation 
of adenyl compounds though there is some variation in the dose necessary to pro- 
duce this effect. The output is immediate and later samples contain diminishing 
amounts of cardio-depressant substance. Unless the coronary flow is greatly 
diminished by the injection the heart continues to beat and no output of adenyl 
compounds occurs. Lysocithin in a dose of 2 mg. produced little effect on the 
coronary flow ; 5 mg. in one experiment stopped the heart at once and lowered the 
rate of flow from 10 to 2 ¢.c. per minute, while in another the heart continued to 
beat and the coronary flow was diminished only from 10-5 to 7-8 ¢.c. In an ex- 
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periment in which 10 mg. was injected and the perfusate collected at 95° C. the 
following results were obtained. 


No. of Time of Volume of Equivalent per ¢.c. in 
Sample. Collection. Sample. ec. lacarnol 1: 100. 
1 13 minute 15 ee. — 
10 mg. lysocithin injected. 
1 minute 8-5 cc. *43 Heart ceased to 
beat immediately. 

-42 

-38 

*30 

-20 

-13 


or 


0 


cr He He Oo ES 1S 


Drainage 


The extract of the heart now contained adenyl compounds equivalent to 0-25 
¢c.c. lacarnol per gm. Lysocithin present in the perfusate, even during the first 
minute after the injection, cannot have contributed significantly to the cardio- 
depressant effect of the sample. Assuming that all the lysocithin was present in 
this sample which amounted to 8-5 ¢.c. its concentration would be insufficient to 
have a direct depressant action in the dose used for testing (0-4 ¢.c.), since 0:5 mg. 
lysocithin had only a trivial depressant effect on this preparation. 


DISCUSSION. 


We must first discuss the evidence which justifies us in regarding as adenyl 


compounds the cardio-depressant substances which we have estimated in the per- 


fusate and extracts of organs on the auricle of the intact guinea-pig by the method 
of Drury, Lutwak-Mann and Solandt (1938). These authors tested a number of 
active substances upon this preparation but found that the only one likely to be 
present, which imitated closely the effect of adenyl compounds, was acetylcholine. 
This, in all our experiments, was excluded by full and repeated atropinization. 
Adenyl compounds have been shown to be present in most of the tissues which we 
have studied and have been determined quantitatively in crude trichloracetie acid 
extracts by the production of block in the heart of the intact guinea-pig (Bennet 
and Drury, 1931). The simple method of extraction which we used (grinding 
up the tissue in saline and boiling) may possibly have given us figures which were 
too low because of incomplete extraction, of inactivation by enzymes during grind- 
ing, or destruction during boiling. Analogy with the extraction of histamine which 
is complete by this method (Trethewie, 1938) makes the possibility of incomplete 
extraction less likely and re-extraction by this method yields no further activity. 
The active substances are heat-stable in neutral solution, and we were unable to 
detect any loss from extracts or perfusate during prolonged boiling. Loss by en- 
zyme action during grinding is probable but is unlikely to be very great (except 
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possibly in the case of the kidney of the rabbit), because extracts made in this way 
in the presence of M/40 NaCN did not give significantly higher values than simple 
saline extracts of rabbit’s liver, though cyanide in this concentration inhibits the 
inactivating enzymes. Finally it is unlikely that any active compounds are 
formed during boiling which are not present in trichloracetie acid extracts. 

The use of cobra venom introduced other cardio-depressant substances whose 
actions had to be excluded before we could assume that the active substances which 
we were estimating could be regarded as adenyl compounds. We were able to ex- 
clude the cardio-depressant action of cobra venom itself by passive protection of 
the guinea-pig’s auricle preparation with a large dose of specific antivenine. Lyso- 
cithin has a cardio-depressant action on some preparations in reasonably small 
doses (0-3-0-4 mg.), but most require doses of the order of 1 mg. before any effect 
can be observed. Lysocithin is stable, whereas adenyl compounds are extremely 
unstable in the presence of tissue enzymes. It is true that when lysocithin is added 
to envenomed perfusate there is some loss of activity in the course of half-an-hour, 
but this is not increased significantly by further incubation for an hour or two and 


is trivial in comparison with the rapid and complete inactivation of adenyl com- 
pounds under the same conditions. The observed loss of the activity of lysocithin 
probably depends on combination with some substance in the perfusate. It will 
be recalled that Feldberg and Kellaway (1938) showed that the addition of normal 
liver extract to lysocithin greatly diminished its cardio-depressant action upon the 


isolated heart of the cat. We have repeatedly shown that envenomed extract and 
perfusate, which must contain some lysocithin, lose all their estimable activity on 
the guinea-pig auricle when they are allowed to stand at room temperature with- 
out being subjected to boiling to destroy the enzymes. Lysocithin cannot there- 
fore contribute to any considerable degree to the cardio-depressant action of these 
solutions. In the doses necessary to produce the cardio-depressant effects observed 
with perfusate and extracts, lysocithin was rapidly fatal to the guinea-pig pre- 
paration whereas we were able to make repeated tests of perfusate during one or 
two hours without impairing its activity. In the case of the rabbit’s liver when 
eyanion was used to inhibit the inactivating enzymes there was a reasonable cor- 
respondence between the output of the cardio-depressant substances in the perfu- 
sate and the amount estimated as loss from the organ by comparison of control 
and envenomed extracts. These quantitative considerations add further force to 
the conclusion that the amounts of lysocithin formed by the action of venom and 
present in the envenomed extracts and perfusates are not sufficient seriously to 
impair the titration of adenyl compounds on the guinea-pig heart. Had lysocithin 
been present in large amounts it would have increased the apparent content of 
the envenomed extract and perfusate in adenyl compounds and would conse- 
quently have produced a discrepancy which was not observed between the output 
in the perfusate and the loss from the organ in these experiments. 
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Tissue injury by cobra venom in isolated perfused tissues causes the libera- 
tion not only of protein, pigments, histamine and the formation of slow reacting 
substance and lysocithin, but as we have shown here the liberation of adenyl com- 
pounds together with enzymes capable of inactivating them. Feldberg and Kella- 
way (1937b and ¢, 1938) have discussed the part played by some of the substances 
liberated in the course of tissue injury by cobra venom in producing the circu- 
latory effects of poisoning by the venom in dogs and cats. While the effects on the 
pulmonary and peripheral circulations have been shown to be accounted for, 
largely by the formation of lysocithin and the liberation and local action of hista- 
mine, some of the cardiac effects of the venom remain unaccounted for. The local 
liberation of histamine may account for changes in the T wave, but bradyeardia 
and interference with conduction cannot be attributed to histamine, and are more 
likely to be explained by the directly injurious effects of the venom and of lyso- 
cithin formed by it and by the liberation and action at the site of liberation of 
adenyl compounds. 

The rapid inactivation of adenyl compounds in the blood stream (Drury. 
Lutwak-Mann and Solandt, 1938) and in other organs (Bennet and Drury, 1931) 
indicates that those liberated from the heart cells and exerting their action at the 
site of liberation are more likely to be effective than those liberated from other 
organs—for example, the liver and kidneys. So efficient is the action of inactivating 
enzymes that large doses of active substances in the cat and rabbit have to be in- 
jected intravenously into the intact animal in order to produce cardiac effects 
(Drury and Szent-Gyorgyi, 1929). In the rabbit the primary effect of adenylic 
acid on the heart is to cause a sinus bradyeardia, and this also is the central feature 
of the action of cobra venom on the heart of the intact rabbit when venom is injected 
intravenously, particularly if by previous small doses of venom some protection is 
afforded against the action of the venom on the peripheral circulation. On the 
other hand, the effects of venom on the heart of the dog accord with those produced 
by the injection of adenylic acid. The effects of cobra venom on the heart of the 
intact rabbit and cat cannot be reproduced in their entirety by the intravenous in- 
jection of large doses of an active preparation of an adenyl compound (lacarnol) 
even after reducing the capacity of the blood to inactivate them by severe haemorr- 
hage. This still further emphasizes the importance of action at the site of liberation 
without giving opportunity for the inactivating enzymes in the tissue and in the 
blood stream to come into play. 

The demonstration that lysocithin also can cause the liberation of adeny! 
compounds and of inactivating enzymes affords a hint that at least part of this 
action of cobra venom may be attributable to the formation of lysocithin, the more 
so since after the injection of lysocithin the output of adenyl compounds takes 
place more rapidly than after cobra venom, the greater part of the cardio-depres- 
sant activity in the perfusate from the perfused liver being found in that collected 
during the first three minutes after the injection. 
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Billings and Maegraith (1938), who used a modification of the method of esti- 
mation of Drury, Lutwak-Mann and Solandt, refer to the cardio-depressant sub- 
stances estimated as A-substance. They have shown that when ischaemia is pro- 
duced in the hind limb of the rabbit by ligation of the common iliac artery the con- 
tent of the limb in histamine and A-substance rises as does the amount of these 
substances in the venous outflow from the limb. The increase in acidity under 
these conditions may interfere with the inactivation of adenyl compounds and so 
increase the content of A-substance in the blood and tissues. It is possible that 
anoxaemia causes the liberation of adenyl compounds and of histamine which can 
accumulate owing to the slow circulation through the ischaemic limb. It is of 
interest in this connection to note that in our perfusion experiments in which some 
degree of anoxia was inevitable owing to slow rates of flow, and even in those in 
which we used Ringer’s solution freed from oxygen, we did not observe any out- 
put of adenyl compounds. Anoxia was also ineffective in causing any estimable 
output of histamine from perfused organs (Kellaway and Trethewie, 1939). It 
is, however, possible that under the conditions of our experiments the oxygen 
usage of the tissue is lowered below the threshold at which tissue injury from an- 
oxia would be evident, that small amounts of adenyl compounds liberated may be 
inactivated before they reach the perfusate, or that the amounts of histamine or 
adenyl compounds liberated by anoxia are too small to be detected by the methods 
of estimation which we used. 


SUMMARY. 


The electrocardiographic changes observed in the rabbit after the intravenous 
injection of cobra venom were bradyeardia, increase in the P-R interval, R.S.T. 
deviation and terminal heart block, and in the cat increase in rate, inversion of the 
T wave, extrasystoles, increased P-R interval (irregularly), appearances resem- 
bling branch bundle block and, finally ventricular fibrillation. 

The injection of cobra venom causes the appearance of adenyl compounds in 
the outflowing perfusate from the perfused liver of the rabbit ; this outflow repre- 
sents only a proportion of the total loss of adenyl compounds from the organ ow- 
ing to inactivation in the organ itself and in the perfusate by enzymes which are 
also set free by the venom. The proportion estimated in the perfusate increases 
when this is collected at 95° C. or when Tyrode containing M/40 NaCN is used as 
the perfusion fluid. Normal liver perfusate contains neither adenyl compounds 
in estimable amounts nor the inactivating enzymes. Lacarnol (Bayer) when per- 
fused through the normal liver or when mixed with perfusate from the envenomed 
organ is inactivated. There is no inactivation when it is mixed with perfusate 
from a normal organ. 


Adenyl compounds and inactivating enzymes are liberated from the perfused 
envenomed kidney of the rabbit, but NaCN M/40 is not very effective in prevent- 
ing the action of the enzymes. 
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Tissue injury by cobra venom in isolated perfused tissues causes the libera- 
tion not only of protein, pigments, histamine and the formation of slow reacting 
substance and lysocithin, but as we have shown here the liberation of adenyl com- 
pounds together with enzymes capable of inactivating them. Feldberg and Kella- 
way (1937b and ¢, 1938) have discussed the part played by some of the substances 
liberated in the course of tissue injury by cobra venom in producing the circu- 
latory effects of poisoning by the venom in dogs and cats. While the effects on the 
pulmonary and peripheral circulations have been shown to be accounted for, 
largely by the formation of lysocithin and the liberation and local action of hista- 
mine, some of the cardiac effects of the venom remain unaccounted for. The local 
liberation of histamine may account for changes in the T wave, but bradycardia 
and interference with conduction cannot be attributed to histamine, and are more 
likely to be explained by the directly injurious effects of the venom and of lyso- 
cithin formed by it and by the liberation and action at the site of liberation of 
adenyl compounds. 

The rapid inactivation of adenyl compounds in the blood stream (Drury, 
Lutwak-Mann and Solandt, 1938) and in other organs (Bennet and Drury, 1931) 
indicates that those liberated from the heart cells and exerting their action at the 
site of liberation are more likely to be effective than those liberated from other 
organs—for example, the liver and kidneys. So efficient is the action of inactivating 
enzymes that large doses of active substances in the cat and rabbit have to be in- 
jected intravenously into the intact animal in order to produce cardiac effects 


(Drury and Szent-Gyérgyi, 1929). In the rabbit the primary effect of adenylic 


acid on the heart is to cause a sinus bradyeardia, and this also is the central feature 
of the action of cobra venom on the heart of the intact rabbit when venom is injected 
intravenously, particularly if by previous small doses of venom some protection is 
afforded against the action of the venom on the peripheral circulation. On the 
other hand, the effects of venom on the heart of the dog accord with those produced 
by the injection of adenylic acid. The effects of cobra venom on the heart of the 
intact rabbit and cat cannot be reproduced in their entirety by the intravenous in- 
jection of large doses of an active preparation of an adenyl compound (laearnol) 
even after reducing the capacity of the blood to inactivate them by severe haemorr- 
hage. This still further emphasizes the importance of action at the site of liberation 
without giving opportunity for the inactivating enzymes in the tissue and in the 
blood stream to come into play. 

The demonstration that lysocithin also can cause the liberation of adeny! 
compounds and of inactivating enzymes affords a hint that at least part of this 
action of cobra venom may be attributable to the formation of lysocithin, the more 
so since after the injection of lysocithin the output of adenyl compounds takes 
place more rapidly than after cobra venom, the greater part of the cardio-depres- 
sant activity in the perfusate from the perfused liver being found in that collected 
during the first three minutes after the injection. 
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sillings and Maegraith (1938), who used a modification of the method of esti- 
mation of Drury, Lutwak-Mann and Solandt, refer to the cardio-depressant sub- 
stances estimated as A-substance. They have shown that when ischaemia is pro- 
lueed in the hind limb of the rabbit by ligation of the common iliae artery the con- 


tent of the limb in histamine and A-substance rises as does the amount of these 
substances in the venous outflow from the limb. The inerease in acidity under 
these conditions may interfere with the inactivation of adenyl compounds and so 
increase the content of A-substance in the blood and tissues. It is possible that 
anoxaemia causes the liberation of adenyl compounds and of histamine which can 
accumulate owing to the slow circulation through the ischaemic limb. It is of 
interest in this connection to note that in our perfusion experiments in which some 
degree of anoxia was inevitable owing to slow rates of flow, and even in those in 
which we used Ringer’s solution freed from oxygen, we did not observe any out- 
put of adenyl compounds. Anoxia was also ineffective in causing any estimable 
output of histamine from perfused organs (Kellaway and Trethewie, 1939). It 
is, however, possible that under the conditions of our experiments the oxygen 
usage of the tissue is lowered below the threshold at which tissue injury from an- 
oxia would be evident, that small amounts of adenyl compounds liberated may be 
inactivated before they reach the perfusate, or that the amounts of histamine or 
adenyl compounds liberated by anoxia are too small to be detected by the methods 
of estimation which we used. 


SUMMARY. 


The electrocardiographic changes observed in the rabbit after the intravenous 
injection of cobra venom were bradyeardia, increase in the P-R interval, R.S.T. 
deviation and terminal heart block, and in the eat increase in rate, inversion of the 
T wave, extrasystoles, increased P-R interval (irregularly), appearances resem- 
bling branch bundle block and, finally ventricular fibrillation. 

The injection of cobra venom causes the appearance of adenyl compounds in 
the outflowing perfusate from the perfused liver of the rabbit ; this outflow repre- 
sents only a proportion of the total loss of adenyl compounds from the organ ow- 
ing to inactivation in the organ itself and in the perfusate by enzymes which are 
also set free by the venom. The proportion estimated in the perfusate increases 
when this is collected at 95° C. or when Tyrode containing M/40 NaCN is used as 
the perfusion fluid. Normal liver perfusate contains neither adenyl compounds 
in estimable amounts nor the inactivating enzymes. Lacarnol (Bayer) when per- 
fused through the normal liver or when mixed with perfusate from the envenomed 
organ is inactivated. There is no inactivation when it is mixed with perfusate 
from a normal organ. 

Adenyl compounds and inactivating enzymes are liberated from the perfused 
envenomed kidney of the rabbit, but NaCN M/40 is not very effective in prevent- 
ing the action of the enzymes. 
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Adenyl compounds are set free from the perfused heart of the rabbit and of 
the cat by the injection of cobra venom. 


Lysocithin also causes the liberation of adenyl compounds from the perfused 
liver of the rabbit and the perfused heart of the cat. The outflow reaches a maxi- 
mum at once whereas that after cobra venom is somewhat delayed. This substance 
is probably partly responsible for the liberation of adenyl compounds by venom. 

The part played by the local liberation of adenyl compounds in producing the 
cardiac effects of cobra venom is discussed. 
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Ever since Lange described the colloidal gold test on cerebro-spinal fluid and 
the preparation of a suitable gold sol by the reduction of gold chloride with for- 
maldehyde in alkaline solution, efforts have been made to devise a method of pre- 
paring the gold sol which would give consistent results without being technically 
difficult or tedious. Nevertheless the preparation of suitable gold sols remains 
notoriously difficult, and even carefully standardized reagents and techniques give 
products which show marked variations in appearance, sensitivity, and stability 
on keeping. 

In attempts to improve the preparation of the gold sol some authors have 
wholly or partially replaced the formaldehyde by other reducing agents. Mellanby 
and Anwyl-Davies (1923) use potassium oxalate, Miller et al. (1915) use oxalic 
acid and formaldehyde, Seott and De Long (1939) use potassium oxalate and 
formaldehyde, Eicke (1913) and Laszl6 Unghvary (1937) use glucose, Leiboff 
(1928) uses sucrose, and Borowskaja (1934) uses sodium citrate. Patterson 
(1931) uses an oxalate reduction method in which the dispersion of the sol is con- 
trolled by the amount of alkali added (determined in preliminary trials), and 
adjusts this relatively ‘‘hard’’ stock sol to a suitable sensitivity by the addition 
of acid immediately before use. Pennyeuick et al. (1938) have recently evolved 
a method in which the dispersion of the gold is controlled by the use of a ‘‘seeding 
sol’’ obtained by reducing gold chloride with phosphorus in alkaline solution. 
Glasoe and Sorum (1939) deseribe a still more complicated method involving the 
preparation of a ‘‘primary nuclear sol’’, a ‘‘secondary nuclear sol’’ and a “‘final 
sol’’, 

The principle of citrate reduction has been adopted in this laboratory, and 
after an extended trial we are satisfied that, although technically simple, the 
method possesses a consistency not even approached by any other we have used. 
During this trial the effects of many factors which influence the preparation were 
examined and, as our routine method differs considerably from that of Borowskaja, 
we now describe the method together with an abridged account of the experimental 
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work on which the technique is based. It will be seen from the experimental part 
of this paper that the following method is not the only one by which citrate reduc- 
tion will yield a gold sol of suitable sensitivity, but we have found it to be the most 
satisfactory, and have therefore adopted it for routine use. 


METHOD. 


Into a litre flask put 675 ml. distilled water, close the flask with a ground-in 
reflux condenser, and bring the water to the boil over a fairly large flame. Re- 
move the condenser and add 7 ml. 1 p.c. gold chloride solution followed by 17:5 
ml. 1 p.c. sodium citrate solution. Replace the condenser and continue the boiling 
for fifteen minutes. Remove from the flame and allow to cool. 

To four 50 ml. portions of the sol, add nil, 0-05 ml., 0-10 ml. and 0-15 ml. 
respectively of N/10 hydrochloric acid. Set up each mixture by the conventional 
technique against a known ‘‘paretic’’ cerebro-spinal fluid and against a known 
‘‘normal’’ fluid, then allow the mixtures to stand overnight. Select the mixture 
which gives the strongest reaction with the paretie fluid, yet does not give a re- 
action greater than 0011000000 with the normal fluid, then add the corres- 
ponding quantity of acid to the main bulk of the sol, thoroughly agitating the 
mixture during the addition. 


NOTES ON THE METHOD. 


Glassware. We use ‘‘ Pyrex” or ‘‘Duran’’ glassware exclusively for the preparation of the 
sols because it is our regular laboratory equipment, and we have no data on the effect (if any) 
of other types of glassware. The flasks and condensers (first cleaned in the usual way with soap 
and water) are rinsed in hot dilute aqua regia (conc. HNOx, 25 parts + cone. HCl 75 parts + 
water 100 parts), then with tap water, then with distilled water, but extreme care is not taken in 
this cleaning. 

Sodium Citrate. The 1 p.c. solution is stable for some time but not indefinitely, so for our 
routine preparations we usually make a fresh solution for each batch. In the work detailed in 
this paper fresh solutions were made daily. Table 1 and Fig. 1 summarize the results of several 
series of experiments on the influence of sodium citrate on the preparation. From these results it 
will be seen (i) that in any one series increase in the proportion of citrate is accompanied by a 
progressive rise in the pH of the resulting sols and a progressive increase in the ‘‘hardness’’ of 
the sols: (ii) that a given quantity of citrate on different occasions does not invariably produce 
sols of identical sensitivity, but the differences are not very great: (iii) that corresponding 
amounts of different brands of citrate produce sols which do not differ markedly in sensitivity 
even though one of them (Merck) produces sols with distinctly lower pH figures than the others 
(which show essential agreement). 

The sols towards the low end of the series (0-8 to 1-2 ml. 1 p.c. sodium citrate per 100 ml. sol) 
show a bluish tint and/or a slight coppery sheen, but are much too sensitive for diagnostic purposes 
and slowly precipitate on standing. The others of the series are clear sparkling red. 

Gold Chloride. The 1 p.c. solution of gold chloride appears to be stable indefinitely. In a 
series of comparable experiments in which gold chloride of five different origins! was used, there 








1 B.D.H. «gold chloride (brown) HAuCl,. 3H» 0? r Merck 1582 «gold chloride eryst. yellow ms 
Schering Kahlbaum 01740 ‘‘ gold chloride yellow “AuCly .HCl + 4H.0’’; Johnson M: itthey «gold 
chloride yellow 0-52 gm. An’’ (per gm.) ; gold chloride prepared from laboratory residues. 
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reagents, by a strictly uniform technique, and in as rapid succession as possible. Each separate 
series is distinguished by ‘‘ A’’, ‘*B’’ or ‘*C’?’, 
2 B.D.H. ‘‘gold chloride (brown) HAuCl.3H.0’’ was used throughout Series A, B, C. 


3 Al-Al6 
B1-B5 
C1-C6 


B6—B10—H. and W. ‘‘ Analar’’ sodium citrate NagCgH;07.2H.0. 


B.D.H. ‘‘ Analar’’ sodium citrate NagCgH;07.2H.9. 


B11-B15—S.L.C. ‘‘ Analar’’ sodium citrate NagCgH;07.2H»0. 


B16-B20—Merck 6431 sodium citrate NagCgH;07.53H.0. 


4 pH determinations were made on the day following preparation, with a calomel-glass elee 


trode system and a Cambridge Portable pH Meter. 
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was little difference between corresponding preparations, except those prepared from one brand 


(J.M.) which were considerably ‘‘harder’’. 

Distilled Water. Originally we used glass-distilled water, but this was soon abandoned 
because the water from our large tinned copper stills was found to give equally satisfactory 
preparations. 

Technique. The gold chloride and sodium citrate are both added after the water has reached 
boiling, so that the conditions of reduction are less dependent on the volume of the preparation 
than when the citrate is added at 90° to 95°C. It is not possible, however, entirely to eliminate 
the effect of volume, and large batches of sol are usually a little more sensitive than small batches 
prepared under conditions as nearly similar as possible. 


PH6 


pHS 





r B16-B20 
pH4 L 








a a a lL 1 i 
1 2 3 4 5 
ml 1% sodium citrate per 100 ml sol 

Fig. 1. 


Borowskaja considered boiling for one to three minutes sufficient but Morse (1938) using 
citrate-reduced sols in the determination of ‘‘ gold numbers’’ of food products found it desirable 
to increase this time to as much as ten minutes. We have found that the time required for the 
mixture to reach the clear red colour is rather variable, and that the sensitivity may be altered 
by longer boiling even though there is no perceptible change in appearance. All preparations 
examined by us have within eight minutes reached a sensitivity which is not altered by further 
boiling up to at least a total of twenty minutes, and we have therefore selected fifteen minutes as 
the routine boiling time. 

Thus several independent factors influence the preparation and, although these variations 
balance out to some extent in any one preparation, it is not possible to specify reagents and 
conditions which will invariably produce a sol of precisely correct sensitivity. It is possible how- 
ever, to predict fairly accurately the sensitivity of any preparation, and further it must be 
stressed that using the one batch of distilled water and reagents, we have always obtained an 
essentially regular gradation in sensitivity in each group of sols prepared at the one time. The 
‘‘shift” of sensitivity between one group of sols and the next is never very large, and we have 
not yet encountered a single failure in preparing citrate-reduced sols. Under the conditions in our 
laboratory 2-5 ml. of 1 p.c. sodium citrate per 100 ml. sol invariably produce a sol which is slightly 
too ‘‘hard’’, but under other conditions it may be desirable to alter this quantity slightly. 
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Although sols prepared by the use of much larger quantities of citrate, say 5 ml. of 1 p.e. 
sodium citrate per 100 ml. sol, can also be adjusted to correct sensitivity by the addition of acid, 
the resulting mixtures do not appear to be as stable on keeping as those which are prepared with 
less citrate and which therefore require less acid for adjustment to the same sensitivity. 

Under ‘‘ Method’? we have referred to the technique of standardization which involves the set- 
ting up of four Lange tests against each of two known cerebro-spinal fluids, one ‘‘normal’’ and one 
‘*paretic’’. We have always used a ‘‘ paretic’’ fluid in our standardizations because such a fluid 
is usually available in our laboratory, but our experience with citrate-reduced sols is such that 
we are not inclined to regard this ‘‘ paretic’’ fluid as an essential part of the standardization. This 
unusual suggestion is based on the experience that if a sol is of correct sensitivity as judged by its 
reaction with a normal cerebro-spinal fluid, it will give a maximal reaction with any ‘‘ positive’? 
fluid, and further this reaction will always be of the correct type. That is to say, we have never 
encountered a sol (adjusted by the use of a normal cerebro-spinal fluid) which has given ‘‘ freak’? 
reactions, 


Alterations of Sensitivity by Acid and Alkali. In Table 2 are summarized 
experiments on the effect of adding acid or alkali to sols of differing initial sensi- 
tivities. It will be seen that the progressive addition of small amounts of alkali 
more or less regularly depresses the sensitivity of the sol, and finally renders it 
non-reactive. Similar additions of acid increase the sensitivity of the sol, but 
beyond a certain point irregular reactions are obtained. Still larger additions of 
acid cause prompt precipitation of the sol. For example, Sol F2 initially had the 
correct sensitivity for diagnostic purposes, but the experiments show that the same 
sensitivity could be obtained by adding a suitable proportion of acid to Sol F1 or 
of alkali to Sol F3. 

Unlike sols prepared by using various quantities of citrate, those adjusted by 
the use of acid or alkali show no relation whatever between sensitivity and pH. 
Other experiments have demonstrated this fact even more strikingly than those 
summarized in Table 2. 





TABLE 2. 

Sol F11, Sol F22. Sol F33 

Lange Reaction Lange Reaction Lange Reaction 
pH (C.S.F. 2) pH (C.S.F. 2) pH (C.8.F. 2) 

0-8 10-20 000 001 0000 10-06 000 001 0000 10-10 000 000 0000 
wm «sé 8-24 222 133 2100 7-50 333 343 2100 7-40 000 000 0000 
oO 0-4 6°80 555 532 1000 6-32 555 553 2210 5-74 101 011 1000 
£.S 0-2 6°40 555 542 1000 5-70 555 554 3210 4°66 555 554 4321 
ay Nil 6°08 555 553 2100 5-10 555 555 4321 4°04 555 555 5554 
By 0-2 5°32 555 553 3100 4-60 555 555 4321 3°54 553 345 5555 
Tage OE 4:74 555 555 4310 3°62 552 355 5432 3°32 522 234 5555 
Sz «(10 4:00 555 555 4310 — 200 145 5432 — 312 234 5555 
s 1-4 3°88 511 255 4320 —~ 000 135 5432 — 111 234 5555 
¥ 1-8 3°48 301 255 4410 — 000 324 5543 — 111 124 5555 





11 ml. 1 p.c. B.D.H. gold chloride and 3 ml. 1 p.c. B.D.H. ‘‘ Analar’’ sodium citrate per 100 ml. sol. 
2 As above, but 1-8 ml. citrate solution per 100 ml. 
3 As above, but 1-1 ml. citrate solution per 100 ml. 
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It has also been found possible to obtain a sol of correct sensitivity by mixing 
two sols, the one too ‘‘hard’’ the other too sensitive. The sensitivity and pH of 
such a mixture can be predicted quite well from the proportion, sensitivities and 
pH values of the constituents. 

Stability on Keeping. In a few sols examined one month after preparation 
we have not found any regular or significant alteration in pH, and we have used 
sols for as long as four and a half months after preparation without any altera- 
tion in sensitivity. In practice, however, unused preparations are discarded after 
three months because slight deterioration may occur after longer periods. This 
deterioration is evidenced by the appearance of a slight deposit in the container 
and the occurrence of a faint pinkish tinge in the supernatant fluid of tubes show- 
ing ‘‘5’’ reactions in the Lange test. Occasionally a freshly-prepared sol may 
show this pinkish tinge in the first one or two ‘ 
difficulty in reading the result. 


‘5’’ tubes, but there is never any 


SUMMARY. 


A method is deseribed for the preparation of colloidal gold sols, for use in the 
Lange test, by the reduction of gold chloride with sodium citrate. 

A sol of correct sensitivity can be prepared (a) by using a suitable amount of 
citrate in the preparation, (b) by adding acid to an initially ‘‘hard’’ sol, (¢) by 
adding alkali to an excessively sensitive sol, (d) by mixing suitable proportions 


of a ‘‘hard’’ sol and an excessively sensitive sol. Method (b) is preferred for 
routine use, and a technique for preparation by this method is described. 

Not a single failure has been encountered in preparing citrate-reduced sols, 
and the sols have been found so uniform in behaviour that it seems unnecessary to 
use a ‘‘paretic’’ fluid for standardization. 
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